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PREFACE. 



The following treatise contains nothing that is new, 
nothing that is original, nothing that the author claims 
as his own. The object he has proposed to himself 
has been to put into as condensed a form as was con- 
sistent with the nature of the subject, the knowledge 
and information dispersed through a numerous collec- 
tion of authors who have treated thereupon. They 
are mostly in foreign languages ; for it is much to be 
regretted that our own scientific authorities have not 
thought it worth their while to occupy themselves with 
this highly important branch of practical chemistry. 

The author has endeavoured, as conscientiously as 
possible, to avoid any questionable theory, or to quote 
as practical results any cases of whose correctness 
reasonable doubts might be entertained. There are, 
it is true, some theories propounded, some practices 
recommended, which are in direct contradiction to 
those usually received in England. They have not, 
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however, been so advanced, unless the long experience 
of the most distinguished foreign engineers has 
warranted him in believing that our own practice is 
based entirely upon prejudice. We are, whether for 
good or for evil, essentially a practical nation — we have 
a dislike to theory, almost to analysis — we examine 
reluctantly any habit we have long followed. As in 
politics^ so we are even in building. Our forefathers 
made mortar in one way, as perfect as their knowledge 
admitted, and doubtlessly that way was all that was 
practically necessary to secure the results then sought 
for — so we continue without examination in the track 
they beat for us. Our requirements are, however, 
very different. Railroads, and the constructions they 
necessitate, have modified very materially the science 
of construction. In England, especially of late years, 
works have been executed which so immeasurably 
surpass in boldness anything which had been pre- 
viously attempted, that we may be justified in 
expressing our surprise that so few attempts have 
been made to ascertain the real nature of the 
materials dealt with. Is it not to this neglect that 
we may attribute the numerous failures we read of? 

Some of these failures have been so remarkable, and 
some recent business transactions have displayed so 
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singular an inattention to the nature and properties of 
lime, that the author deems it his right to provoke a 

* 

discussion upon the subject, trusting that abler heads 

and hands will complete what he has so imperfectly 

begun. This branch of chemical knowledge has 

been so entirely " revolutionized " of late, so much 

uncertainty still remains to overshadow it, that it * 

would be worse than folly to make any assertion 

which would lead to a belief that even the very 

fundamental principles were not, even now, susceptible 

of modification. That which is to be desired above 

all things is to rouse the professions of engineers and 

architects from the apathy with which they treat such 

subjects as the one before us — the very alpha and 

omega of their business. There is, however, something 

so invidious in attacking openly a generally received 

opinion, as the author has done with respect to the 

mode of making mortar practised in this country, 

page 66 and subsequently, that he throws himself 

upon the consideration of his professional brethren, 

in the hope that they will excuse his boldness on the 

score of his sincere desire to advance the true 

interests of science. 

At the same time the author would beg to protest 

very energetically against the "rule-of-thumb" methods 
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which prevail in England in the 
mortars. Architects and engineers, it is true, pre- 
scribe certain proportions of lime and sand to be 
employed ; but in practice " the foreman of the pug- 
mill," as the labourers call the person entrusted with 
this work, is the only authority, and he mixes the 
. ingredients precisely as it suits his fancy. In reality, 
mortar-making is a branch of practical chemistry — on 
a large scale, it is true — one which does not admit of 
the care and exactness of the laboratory. But the 
safety of a building often depends upon the perfection 
with which this operation is executed, and a certain 
amount of scientific acquirements is necessary to 
insure that perfection. Yet architects and engineers 
almost invariably leave every detail connected with it 
to the most ignorant class of workmen — to a man 
receiving 3s. per day, often unable to read, and always 
of necessity ignorant of the principles which regulate 
the action of the materials he has to deal with. For 
more than twenty-one years the author has been 
employed in building operations; but in the whole 
course of his experience he never saw in any con- 
struction, in England, a measure used to ascertain the 
proportions of the ingredients employed for making 
mortar. They do manage these things better in 
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France; unfortunately they waste much time and 
money in endeavouring to attain a chemical exactness 
of qperation. Of the two errors, however, it is 
certainly preferable to fall into that of being careful 
overmuch, than of neglecting proper precautions. 

We have seen of late years far too many accidents 
happen, too many absurdities committed, not to render 
it necessary to protest loudly against the carelessness 
with which the use of limes is regarded. One of the 
most important works executed of late years in London 
was built upon concrete made of stone lime, to which 
iron filings were added at a most tremendous and 
useless expense. Another large work was described 
in the specification to be executed with hydraulic lime ; 
and the engineer allowed common Medway stone lime 
to be used, although it is very far from being what is 
properly called an hydraulic lime. We have known 
viaducts with piers 100 feet high executed with chalk 
lime; they have fallen, and been rebuilt with the 
hydraulic lime, which only ought to have been 
employed; and we hear of puzzolano being used 
still in sea works. Surely, therefore, any examination 
of the nature of the materials to be used, which will 
hereafter prevent a repetition of such mistakes, must 

« 

be of service. 
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The different scientific associations connected with 
building would confer a great boon upon the public if 
they would undertake a series of investigations mpon 
the still undecided questions connected with the 
chemistry of their respective professions, and also if 
they would make a statistical statement of our mineral 
wealth, as far at least as building materials are 
concerned. We require a series of observations upon 
the geological and geographical distribution of the 
rocks able to furnish hydraulic limes. A synopsis of 
the building stones is also a desideratum ; for the 
Parliamentary report upon the subject was very far 
indeed from being a satisfactory solution of its 
difficulties. Such an inquiry should be undertaken 
under the auspices of the united bodies of the 
engineers and architects. 
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ON LIMES, CALCAREOUS CEMENTS, 

MORTARS, STUCCOS, AND CONCRETES. 



CHAPTER I. 

CURSORY VIEW OF THE PROGRESS OF DISCOVERY IN 
THE SCIENCE CONNECTED WITH LIMES, ETC. 

The use of some cementing material to bind together 
the small stones or other materials employed in the 
construction of walls, and also for the purpose of giving 
them a smooth surface adapted to receive polychromic 
or other decoration, dates from a very high antiquity. 
It is, however, probable that it was subsequently to the 
discovery of the art of brickmaking, that the ancients 
arrived at that of burning lime. Indeed, the use of 
moistened clay, which was found to have a certain 
ductility, and to harden also in drying, was likely to 
have preceded that of lime, as a cement; for the quali- 
ties and the mode of obtaining the latter were of a 
nature to require long study and great experience. 

The Assyrians and Babylonians appear to have em- 
ployed either moistened clay, or the bitumen so plenti- 
fully supplied by the springs in their country. Some , 
doubt, however, exists as to whether these people did 
ever really use mortar. Captain Mignan sometimes 
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talks of bricks which were cemented together with a 
coarse layer of lime. "At others," he says, that "be- 
tween the brickwork at irregular distances a layer of 
white substance is perceptible, varying from ± in. to 1 
in. in thickness, not unlike burnt gypsum or the sul- 
phate of lime. From the peculiarly mollified state of 
the bricks I apprehend this white powder is nothing 
more than common earth, which has undergone this 
change by the influence of the air on the clay compos- 
ing the bricks." 

The Egyptians, however, used mortar in the con- 
struction of their pyramids ; and Mr. Cresy has given 
an analysis of that employed in the construction of the 
pyramid of Cheops, which shows that they possessed 
nearly as much practical knowledge of the subject as 
we do at the present day. {Theory and Practice of 
Engineering, pages 717 and 718.) 

Sir Gardner Wilkinson also mentions that the inte- 
riors of some of the pyramids were stuccoed, but he 
does not give any description by which we might even 
guess at the nature of the materials employed. 

The Greeks, at a very early period of their civiliza- 
tion, used compositions, of which lime was the base, to 
cover the walls constructed of unburnt bricks. Accord- 
ing to Plinius and Vitruvius, the palace of Croesus, the 
Mausoleum, and the palace of Attalus were protected, 
or ornamented, in this manner. According to Strabo, 
the walls of Tyre were built of stone set with gypsum, 
a very common material apparently in Asia Minor, and 
the centre of the old Assyrian civilization. 

In Italy the first people who employed mortar in 
their buildings were the Etruscans. Gori, in his Mu- 
seum Etruscum, mentions that in the tombs found near 
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their ancient cities, such as Iguvium, Clusium, Volterra, 
the constructions were made with mortar. Near Vol- 
terra also, in 1739, a cistern, entirely built and lined 
with that material, was discovered. A branch of this 
nation, known under the name of Tyrrhenians, were 
considered by the Greeks to have invented, or at least 
considerably improved, the art of masonry. The most 
ancient authors, such as Homer, Hesiod, Herodotus, 
and Thucydides, speak of them under that name, and 
call their walls by the word "tyrsis," instead of " tei- 
chos," the one used by the more modern authors. 
The word "tyrsis" is supposed to have had the same 
signification in the Etruscan language ; and the towers 
erected for the purpose of fortification were also called 
" tyrseis " by the Greeks. 

The Romans, as is well known, derived all their 
knowledge of the arts either from the Etruscans or the 
Greeks. They added little to the general stock of 
knowledge as to the use of limes, but Vitruvius is 
the first author upon the subject whose works have 
descended to us. The text of this remarkable man's 
work shows that the ancients, although they adopted 
a different scientific phraseology from that in fashion 
in the 18th century, knew as much of the laws regulat- 
ing this branch of chemistry as the moderns of that 
time. For all practical purposes Vitruvius is even now 
as safe a guide as most of the authors who treated the 
subject subsequently; at least until we arrive at the 
researches of M. Vicat. (See Vitruvius, book ii., ch. 5.) 
. Plinius and St. Augustin treat occasionally about 
limes and cements ; the former, principally to complain 
of the malpractices of the builders ; the latter, to seek 
metaphysical comparisons. On the revival of litera- 

b 2 
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ture, after the Cimmerian darkness of the middle ages, 
which it is now so much the fashion to admire, the 
authors who treated upon the art of building, such as 
Alberti, Palladio, Barbara, Philibert de POrme, Sca- 
mozzi, Savot, Bullet, and Blondel, did little more than 
follow in the traces of Vitruvius. There was a differ- 
ence of opinion, it is true, as to the quality of sand 
which it was most advisable to use : some new limes, 
some puzzolanos, terrass, and ashes, were employed to 
give to certain other limes the faculty of setting under 
water : but until about the middle of the last century 
no advance seems to have been made towards ascer- 
taining the principles which regulate this branch of 
chemistry. 

It is, indeed, worthy of remark, that the more useful 
arts appear to be carefully studied until the practical 
results they are capable of producing are ascertained : 
then the rules drawn from such results are received 
implicitly for a long period, and any attempt to ascer- 
tain the laws which regulate them is regarded as use- 
less. We, the human race, appear to attain empirical 
knowledge quickly; scientific knowledge arrives at a 
much later period. So it was with limes : so it is with 
the casting and puddling of iron — a subject equally, if 
not more, interesting. 

The first serious attempt made to ascertain the 
causes which gave some limes the power of setting 
under water, and which modified their rates of harden- 
ing, was made by the father of civil engineering in 
England, John Smeaton, in 1756. Being at that time 
engaged in the construction of the Eddystone Light- 
house, he found it necessary to have a cement capable 
of hardening at once in the water ; he therefore began 
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a series of experiments, which are detailed in his 
account of the building of that work ; book iii., chap. 3. 
The results he arrived at were very remarkable, not 
only for their practical utility, but also as an illustration 
of the ease with which a very acute observer may stop 
short on this side of the attainment of a great truth. 
Smeaton found that the commonly received opinion 
that the hardest stones gave the best limes, was only 
true as far as regarded each quality considered by itself. 
That is to say, that of limes not fit to be used as 
"water cements," those made of the hardest stones 
were the best for certain uses in the air; but that 
whether obtained from the hardest marble, or the soft- 
est chalk, such limes were equally useless when em- 
ployed under water. He found that all the limes 
which could set under water were obtained from the 
calcination of such limestones as contained a large por- 
tion of clay in their composition. His experiments 
led him to use, for the important work of the light- 
house, a cement compounded of blue lias lime from 
Aberthaw, and of puzzolano brought from Civita Vec- 
chia, near Rome. Even at the present day it would be 
difficult to employ a better material than this, except- 
ing that the price would ensure a preference to the 
Roman cement, then unknown. But Smeaton, after 
giving a table showing that all the water limes were 
obtained from limestones containing clay in chemical 
combination, in proportions varying from to ^ 
goes on to say, " that it remains a curious question, 
which I must leave to the learned naturalist and 
chemist, why an intermediate mixture of clay in the 
composition of limestone of any kind, either hard or 
soft, should render it capable of setting in water in a 
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manner no pure lime, I have yet seen, from any kind 
of stone whatsoever, has been capable of doing. It is 
easy to add clay in any proportion to a pure lime, but 
it produces no such effect : it is easy to add brick dust, 
either finely or coarsely powdered, to such lime in any 
proportion also ; but this seems unattended with any 
other effect than what arises from other bodies become 
porous and spongy, and therefore absorbent of water as 
already hinted, and excepting what may reasonably be 
attributed to the irony particles that red brick-dust may 
contain. In short, I have as yet found no treatment 
of pure calcareous lime that rendered it more fit to set 
in water than it is by nature, except what is to be 
derived from the admixture of trass, puzzolano, and 
some ferruginous substance of a similar nature." 

The stress Smeaton laid upon the presence of the 
ferruginous substance, led many chemists to attribute 
the hydraulicity of limes to the presence of the oxide 
of iron. Guyton de Morveau and Bergmann, finding 
the oxide of manganese in the hydraulic limes they 
analyzed, regarded it as producing the effect in ques- 
tion. Their researches were nearly contemporaneous 
with those of Smeaton. Thirty years afterwards, De 
Saussure observed that the lime of the Chamouni set 
under water, though entirely without manganese ; and 
he, therefore, like Smeaton, attributed this faculty to 
the presence of clay. In 1813, Coiets Descotils, on 
analyzing the compact marl of Senonches, which yields 
on calcination a lime capable of setting rapidly under 
water, found in it nearly one quarter of silex, which led 
him to the conclusion that the cause of the phenomenon 
consisted in the presence of a large quantity of siliceous 
matter, disseminated in very fine particles in the tissue 
of the stone itself. 
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To continue the quotation from Vicat : "The opinion 
of Descotils did not weaken or invalidate that of De 
Saussure, since clay contains generally more silex than 
alumina; and the two chemists agreed, moreover, in 
considering the oxide of manganese, if not as a useless 
element, at least as one which was not essential. This 
was the state of the question in 1813 ; and it was with 
the intention of putting an end to all doubts upon the 
subject that I decided at that epoch to proceed syn- 
thetically, and to compose hydraulic limes entirely, by 
burning different mixtures of common lime, slacked 
spontaneously, with clay: the success surpassed my 
hopes. All the clays, rich and soft to the touch, gave 
the same results; my experiments were repeated in 
Paris, in 1817, with the limes of Cleyes and of 
Champigny, and the clay from Vauvres ; further expe- 
riments, by Mr. St. Leger, in England, and by M. 
Raucourt de Charleville, in Russia, confirmed the 
results previously obtained." 

The subsequent researches of the most eminent 
chemists and engineers must be considered to have 
confirmed the theoretical opinion which guided Vicat 
in his experiments, with a few recent but important 
rectifications of detail. 

Berthier, Dumas, Hassenfraz, Treussart, Thenard, 
Gay Lussac, Pet6t, Sganzin, Girard, Parandier, Minard, 
Kuhlmann, in France — John of Berlin, and Fuchs of 
Munich — Pasley, Ansted, and Way, in our own country 
— as well as most of the scientific authors who have 
treated upon the subject throughout the globe — have 
arrived at nearly the same conclusions as Vicat with 
respect to the causes which influence the different 
actions of lime. 
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The following condensed statement of the usually 
received theory may, therefore, be taken as represent- 
ing the actual state of this branch of chemical and 
engineering science. 



CHAPTER II. 

CHEMICAL THEORY OF THE ACTION OP LIMES, 
AND THEIR CLASSIFICATION. 

Pure lime, or calcium, as regarded in chemistry, is 
a metallic oxide, having strong alkaline properties. It 
is caustic, and turns green the vegetable blues. Its 
specific gravity, according to Kirwan, is 2*3 ; accord- 
ing to Berzelius, its atomic weight is 20*5 ; according 
to Dumas, it is 20. It is very difficult of fusion, but 
greatly assists the fusion of other earthy bodies. At 
an ordinary temperature, pure water can dissolve 
of its own weight of lime ; but, when boiling, it dis- 
solves less. Dr. Dalton states that water at the fol- 
lowing degrees of the centigrade scale will dissolve 
the following proportions of lime, and of its hydrate ; 
viz., 

At 15° 5 centigrade it dissolves yf^ of lime, and ^ of the hydrate. 

„ 50° 0 || „ -gjij h 73~ff »» 

» 100° 0 „ || TvVff '» "EFTS" »' 

The pure metallic base never occurs in nature, nor 
does pure lime, its protoxide. If the pure lime were 
exposed for a period, however short, it would absorb 
the water and carbonic acid gas of the atmosphere. 
We therefore find it in the state of carbonate and sub- 
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carbonate of lime, in which it is very extensively 
diffused. The lime of commerce is obtained by the 
calcination of these carbonates, and the process con- 
sists in driving off by heat the carbonic acid gas which 
is in combination. 

The minerals which contain the carbonate of lime, 
and? which are designated under the generic name of 
" limestones," or " calcareous stones," are of very vari- 
ous natures. They are mostly composed of carbonate 
of lime, of magnesia, of oxide of iron, of manganese, 
of silica, and of alumina, combined in variable propor- 
tions; and they are also found with a mechanical 
admixture of clay (either bituminous or not), of 
quartzose sand, and of numerous other substances. 
The name of limestone is more especially applied to 
such of the above mixtures as contain at least one 
half of their weight of carbonate of lime. Mineral- 
ogists distinguish the subdivisions by the names of the 
"argillaceous, magnesian, sandy, ferruginous, bitu- 
minous, fetid," &c. These subdivisions, again, are 
often characterized by varieties of form and contex- 
ture, which they specify under the names of the 
lamellar, sacchroid, granular, compact, oolitic, chalky, 
pulverulent, pseudomorphic, concreted, &c, &c. 

This nomenclature is important ; for every descrip- 
tion of limestone yields a lime of different quality, dis- 
tinct in colour and weight, in its avidity for water, and 
especially in the degree of hardness it is capable of 
assuming when made into mortar. But the physical 
and mechanical nature of a stone are far from being 
certain guides as to the quality of the lime it can yield. 
A chemical analysis of a hand sample also frequently 
gives different results from those obtained in practice* 

b 5 
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Experience alone should be the final guide of the 
engineer or of the builder. 

The carbonate of lime occurs in nearly all the geolo- 
gical formations, but it is scarce in the primary ones. 
In the transition rocks it is more abundant; and it 
constitutes the great mass of the secondary and tertiary 
formations. It is worked largely, either for the pur- 
pose of obtaining building stones, or for burning for 
lime. The calcareous rocks of the primary formations, 
and of the early transition series, furnish the greater 
number of stones which are worked under the name of 
marbles. The secondary and tertiary calcareous rocks 
contain the mixtures of clay and other ingredients 
which render them the most adapted to furnish limes. 

After a calcination sufficient to disengage the car- 
bonic acid gas, the limestone will be found to have 
diminished considerably in weight, and the resulting 
material possesses the property of absorbing water, 
either with or without a disengagement of heat. It 
cracks and falls to pieces whilst thus combining with 
the water, or slacking, as the workmen call the process 
of passing into the state of a hydrate. 

The principal characteristics of the hydrate of lime 
are that it is white and pulverulent; much less caustic 
than quick lime. It parts easily with the first portions 
of its water of combination if exposed to fire, or even 
to mere friction ; but it requires a very high degree of 
heat to cause it to part with the whole of the water. 
There is still a great degree of uncertainty as to the 
chemical action of the hydrates. Generally speaking, 
they are considered not to absorb oxygen ; but Treus- 
sart supposes that they do so, and that they undergo 
important modifications in consequence. The quantity 
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of water that limes solidify in passing to the state of 
hydrates, is also a question upon which much doubt 
exists amongst chemists. Berzelius supposed that the 
hydrates were formed of water and the metallic oxides, 
in such proportions as that the quantity of oxygen 
contained in the water should be equal to the oxygen 
contained in the oxide. Thus, the hydrate of lime 
absorbs carbonic acid gas from the air, or even (with 
the best limes) from water, if immersed therein ; and 
after a period, varying with the nature of the limestones 
from which it is prepared, it solidifies with an imper- 
fect crystallization. Whilst passing into this state, 100 
parts of pure lime, which contain 28*16 parts of oxygen, 
Berzelius supposes to combine with 32*1 parts of water, 
which contain also 28*3 of oxygen. Thenard, however, 
does not admit this law to hold in all cases ; and cer- 
tainly some of Treussart's experiments would induce 
us to hesitate before we admit it. The hydrates, under 
the action of the voltaic pile, assume the same action 
as the oxides. Bodies capable of decomposing water, 
always acts upon them, even upon such as heat 
does not affect; acids also decompose the hydrates 
when these are produced from the oxides of mineral 
bases. 

If, for the purposes of classification, we observe 
the phenomena which attend the slacking and harden- 
ing, or, to use the workman's phrase, the setting of 
lime, we find that they may be ranged in the following 
order. The lime in these experiments is supposed to 
be perfectly fresh, and is to be immersed in a small 
basket, in perfectly pure water, for the space of five 
or six seconds only. It is then to be allowed to dry, 
or at least the loose un combined water is allowed to 
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run off, and the contents of the basket are then emptied 
into a stone or iron mortar. 

1. The lime hisses, crackles, swells, gives off a large 
quantity of very hot vapour, and falls into powder 
instantly: or, 

2. The lime remains inert for a period of variable 
duration, but which does not exceed five or six 
minutes ; after which the phenomena above described 
declare themselves energetically: or, 

3. The lime, again, remains inert for five or six 
minutes, or the period of its inactivity may extend to 
a quarter of an hour. It then begins to give off vapour 
and to crack, without decrepitating to any great extent. 
The steam formed is less abundant, and the evolution 
of heat is less than in the two former cases : or, 

4. The phenomena only commence an hour after 
the immersion of the lime, and sometimes even after 
a lapse of time still more considerable. The lime 
cracks, without decrepitation, it gives off little steam 
or heat : or, 

5. The phenomena commence at epochs which are 
very variable, and in fact hardly perceptible ; the heat 
given off is only distinguishable by the touch ; the lime 
does not fall easily into powder, and at times it does 
not do so at all. 

Before the effervescence has entirely disappeared, 
the slacking of the lime should be completed. As 
soon as the cracking and falling to pieces begin, water 
should be poured into the vase, not upon the lime, but 
by the side, so that it may flow freely to the bottom, 
from whence it would be absorbed by the portions of 
the lime in a sufficiently advanced state of chemical 
action to require it. The compost should be frequently 
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stirred, and sufficient water should be added, taking 
care not to flood the lime, but merely to bring it to the 
consistence of a thick paste. 

Thus prepared, the lime should be left to itself until 
all the inert particles have had time to complete their 
action. The end of this is announced by the cooling 
of the mass, and it may last from two to three hours, 
or sometimes even more. 

The limes should then be beaten up again, and water 
added, if necessary, until a paste be obtained as firm as 
possible, but at the same time preserving a certain 
degree of ductility. Its consistence should be equal to 
that of clay ready to be worked into pottery. A vase 
should then be taken and well filled with this paste ; it 
should be marked and immersed in water, taking note 
of the day and hour of the immersion. 

Careful observations made upon the limes thus 
treated show that they may be divided into the five 
following classes, characterized by the phenomena 
before described: namely, 1, the rich limes; 2, the 
poor limes ; 3, the limes middlingly hydraulic ; 4, the 
hydraulic limes; and, 5, the eminently hydraulic 
limes. 

Smeaton and the bulk of the English engineers use 
the term water lime instead of hydraulic ; but it appeared 
to me advisable, for the sake of uniformity of nomen- 
clature, to preserve the one adopted throughout the 
Continent. It is, then, to be understood that wherever 
the term hydraulic lime occurs, it signifies the same as 
that of water lime, and means one which possesses the 
property of setting under water. 

1. The rich limes are the purest metallic oxides of 
calcium we possess, and the purer the carbonate of 
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lime from which they are obtained, the more distinctly 
marked are the appearances from which they derive 
their name. These are, that they augment in volume 
to twice their original bulk, or even more than that, 
when slacked in the usual manner. If employed by 
themselves without any admixture of foreign sub- 
stances, their consistency, even after many years of im- 
mersion, is the same as on the first day. If exposed to 
pure water frequently renewed, the very last particle 
would be taken up in solution by the water. 

2. The poor limes are those which either do not aug- 
ment in bulk at all, or only do so to a very trifling 
extent, when slacked. They do not harden under 
water more than the rich limes, and are acted upon by 
that agent in the same manner, excepting that they 
leave a small residuum without consistence. 

3. The middlingly hydraulic limes set under water 
after from fifteen to twenty days' immersion, and con- 
tinue to harden for some time afterwards ; but the pro- 
gress of their hardening diminishes after the sixth or 
eighth month ; after a year their consistence is equal to 
that of dry soap* They dissolve, but with difficulty, in 
frequently renewed pure water. The change of bulk 
they undergo in slacking is the same as that of the 
poor limes, but never equal to that of the richer va- 
rieties. 

4. The hydraulic limes set after from six to eight 
days' immersion, and continue to harden ; the progress 
of this solidification may extend to twelve months, 
although the greater part of it is completed by the end 
of the first six. At this last epoch the lime is already 
of the consistence of the softer building stones, and the 
water in which it is immersed is no longer able to dis- 
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solve it. Its change in bulk in slacking is about the 
same as that of the poor limes. 

5. The eminently hydraulic limes set within the 
third or fourth day of their immersion. After a month 
they are already quite hard, and capable of resisting the 
dissolvent action of running water. At the end of six 
months they are capable of being worked like the 
harder natural limestones, and present a fracture 
closely resembling that of the latter. Their change in 
bulk is invariably as small as that of the poor limes. 

It is to be observed that all the qualities of lime, 
whether rich, poor, or hydraulic in any degree, assume 
indifferently any colour. They may be either white, 
grey, yellow, buff, or red, without any corresponding 
change in their quality, as far at least as our present 
knowledge of the art of lime-burning will allow us to 
assert with any degree of certainty. We shall have 
occasion to revert to this question of the colour of 
limes when we treat of their calcination in a subsequent 
chapter. 



CHAPTER III. 

ON THE CHEMICAL NATURE AND GEOLOGICAL POSITION 
OF THE STONES WHICH FURNISH THE DIFFERENT 
SORTS OF LIME. 

A chemical examination of the stones which furnish 
the different limes of the preceding classification, shows 
that the pure calcareous rocks, or such as contain only 
from 1 to 6 per cent, of silex, alumina, magnesia, iron, 
Ac, either separately or in combination, give rich limes 
upon being burnt. 
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2. The limestones containing insoluble silica in the 
state of sand, magnesia, the oxides of iron and of man- 
ganese, in various respective proportions, but limited 
to between 15 to 30 per cent, of the whole mass, yield 
poor limes. 

3. The limestones containing silica in combination 
with alumina (common clay), magnesia, and traces of 
the oxides of iron and of manganese, in various respec- 
tive proportions, but within the limits of from 8 or 12 
per cent, of the whole mass, yield moderately hydraulic 
limes. 

4. When the above ingredients are present in the 
proportion of from 15 to 18 per cent., but the silex in 
its soluble form always predominating, the limestones 
yield an hydraulic lime. 

5. When the limestones contain more than 20 and 
up to 30 per cent, of the above ingredients, but with 
the soluble silica in the proportion of at least one-half 
of them, the limestones yield eminently hydraulic 
limes. 

The experiments upon which the above conclusions 
are based appear to show that limes owe their hydrau- 
licity, or power of setting under water, to the presence 
of a certain quantity of clay, and sometimes, but rarely, 
to that of a certain quantity of pure soluble silica. It 
is supposed that during the calcination silicates of lime 
and alumina are formed, with an excess of lime ; these 
in slacking absorb a quantity of water, and solidify in 
combining therewith ; and the double salt being inso- 
luble in water, the compound remains therein without 
decomposing, or at least it only yields the small pro- 
portion of lime which might have existed in excess in 
their combination. 
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In the actual state of our chemical knowledge it is 
impossible to say whether there exist any definite 
proportions either of silica alone, of silica and alumina, 
of silica or magnesia, &c, which are capable, when 
mixed with the same quantity of pure lime, of produc- 
ing hydraulic limes of similar qualities. Indeed, the 
whole of this branch of chemistry, notwithstanding the 
important discoveries made in it of late years, is still 
very little understood. The action of the oxide of iron, 
for instance, quite escapes the attempts made to include 
it within any law. Berthier found that a mixture of 4 
parts of chalk with 1 of ochre, containing 0'07 parts of 
oxide of iron, gave a very bad lime, one incapable of 
hardening under water. Yet we know that the Sheppy 
stone contains 0*086 of the same oxide, and the Bou- 
logne cement stone contains as much as 0*15 ; both of 
these, as it is generally known, do set under water, not 
only with rapidity, but with a great degree of hardness. 
Treussart burnt a mixture of chalk and iron filings from 
a blacksmith's shop, of chalk with the black and the 
brown oxides of iron, at different degrees of calcination, 
of chalk and steel filings, but he only obtained rich 
limes without any degree of hydraulicity. Smeaton, 
however, had previously obtained different results, for 
he states that minion, a calcined iron ore, obtained 
from the outside of the nodules of the stone after the 
first roasting, communicated in a very great degree the 
power of setting under water to rich limes. He adds, 
in a note worthy of particular attention, that the 
" minion is supposed by Mr. Mitchell to be what falls 
from the outside of the iron stone, and therefore con- 
taining more clay." 

The action of the magnesia seems also involved in 
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the same obscurity. M. Parandier tried some experi- 
ments in which he mixed chalk with pure magnesia, but 
he only obtained very feebly hydraulic limes. Dumas 
states positively, that if more than 10 per cent, of 
magnesia be present, the limes begin to become poor ; 
and that with 25 per cent, they become decidedly poor. 
Bexthier, however, gives an analysis of the lime ob- 
tained from a mixture of the stone of Villefranche, near 
Paris, with dissolved silica, in the proportion of 5 of the 
stone to 1 of the silica, in which mixture the lime appears 
in the form of a carbonate, to the amount of '609 
The carbonate of magnesium . 0-301 
„ of iron . . . 0 030 
„ of manganese . . 0*060 

Total 1-000 

The lime thus obtained became much harder under 
water than any even of the natural hydraulic limes. 
Again, when the magnesian limestones, found nearer 
Paris, are mixed with one-fifth of their bulk of soluble 
siliceous matter, they yield a lime still more energetic 
in its hydraulic properties than that above described, 
although the carbonate of magnesia is present in the 
proportion of 23 per cent. 

Vicat, in an article inserted in "Les Annales des 
Ponts et Chaussees," upon the magnesian limestones, 
endeavoured to resume our knowledge of the subject ; 
but his conclusions are far from satisfactory, and there 
still remains a doubt upon the action of the magnesia, 
which it were much to be desired that modern chemists 
should remove. He says, that " without clay, that is 
to say, without silica, limes cannot be decidedly hy- 
draulic. The different combinations I have tried, by 
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mixing pure chalk and magnesia, have only produced 
limes susceptible of setting in the commencement, 
without any ulterior progress; but this solidification, 
imperfect though it be, denotes in the magnesia certain 
hydraulic properties which the alumina itself does not 
possess. If, then, some portions of clay be present, it 
might happen that a triple hydrate, of lime, of alumina, 
and of magnesia, might be formed, which should pos- 
sess all the conditions of hardness and of progression 
which characterize the best hydraulic limes." 

He further states that two species of limestones 
which were found to contain respectively, before burn- 
ing, as follows — viz., 

Clay . . . 4-001 f 5*50 

Carbonate of lime 42*50 ^ and J 52*00 
„ of magnesia 53*50 J 42 *50 

yielded limes possessing the hydraulic character in an 
eminent degree. Parandier states that a stone com- 
posed of 58 parts of carbonate of lime, 11 of clay, and 
31 of carbonate of magnesia, yields a very excellent 
hydraulic lime. 

One law is, however, certain ; namely, that no lime- 
stones are able to produce, in a commercially valuable 
form, hydraulic limes, unless silica be present in com- 
bination with alumina. All experiments, both analy- 
tical and synthetical, show that in the proportions cited 
in the beginning of this chapter, the silicate of alumina 
is capable of communicating the different qualities 
therein mentioned. It may, therefore, be regarded, 
practically, as the most efficient agent in producing the 
power of setting under water ; and as being the one 
whose presence should be most sought for, and sup- 
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plied, if wanting, whenever it is desired to obtain limes 
of that description. 

Owing to the inconceivable negligence of the en- 
gineering profession in our country, we have no statis- 
tical account of the various hydraulic limes produced 
in England. It may, therefore, be interesting if we 
were to state the laws which appear to regulate the 
geological distribution of the rocks which supply them. 
The knowledge of these laws may prevent many use- 
less researches, and save, perhaps, some injudicious 
outlay of capital. 

It is known, to quote nearly the words of M. Paran- 
dier, that every stratified geological formation compre- 
hends a series of beds, whose deposition corresponds 
with the various periods of existence of the marine 
basin in which they were formed, which marine basin 
must have had its hydrographical limits, its affluents, 
&c. In the first periods, immediately after the cata- 
clysms and the great erosions (which, in disturbing the 
status quo of the preceding geological epoch, had given 
rise to the new order of things), the sedimentary de- 
posits must principally have owed their origin to the 
matters held in suspension in the liquid. They must 
have taken the form, for the most part, and throughout 
the whole extent of the basin, of agglomerated rocks, 
sandstones, clays, &c, except in the isolated points of 
the affluents, in the great depressions of the bottom, 
and in the very deep waters, where the materials 
brought down by the currents could not arrive, and 
where the beds took a degree of compactness different 
from that which is to be found on the borders of the 
basin. By degrees the matters held in chemical sus- 
pension in the waters, and which were in the beginning 
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mingled with those in mechanical suspension thus 
brought down, began to deposit, in greater relative pro- 
portions, as soon as the geological condition of the 
basin had resumed a normal state. At times recur- 
rences of the great agitations of the strata reproduced 
in the same geological epoch, but always during a 
shorter period, and with less intensity, the same phe- 
nomena. 

Thus, in the lower divisions of the secondary strata, 
we find the marls, the siliceous sands, and clays, the 
calcareous marls, the ferruginous strata ; then the lime- 
stones with all the different varieties of texture and 
composition ; and, lastly, we find the magnesian lime- 
stones. The contact of certain formations either con- 
temporaneous with, or posterior to, the formation of 
the different strata, often modifies these last. The pre- 
sence of certain ingredients, and the secular action of 
the exterior agents, also often produce very remarkable 
modifications or alterations, and even some molecular 
transformations, which are very curious, changing even 
the chemical and physical properties of the rocks. But 
these phenomena have their particular laws, and their 
definite epochs of appearance: and we can calculate 
with a tolerable degree of certainty upon the extent of 
their action. 

It is easily to be conceived, from what is stated 
above, that we should be able to predicate within cer- 
tain limits the points at which the rocks are likely to 
contain the elements the most favourable to the attain- 
ment of the object in view in such researches as the 
one before us. The materials likely to furnish us the 
sands and clays fit to be converted into artificial puzzo- 
lanos, are generally to be met with at the bottom of the 
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sedimentary formations. The limestones likely to yield 
hydraulic limes occur amongst the marly or argillaceous 
beds ; or at the points where these last pass into the 
purer calcareous rocks, and which are marked by the 
intercalation of strata of limestone and clays. The 
upper members of all the series may be regarded as 
being too free from argillaceous matter to furnish any- 
thing but rich limes. 

Amongst the secondary formations we find, for in- 
stance, that the lower chalk marl passes into the clays 
of the gait, or the upper green sand ; and that it yields 
a lime which is often eminently hydraulic. In the 
green sand there are few solid calcareous rocks ; there 
are few also in the lower members of the cretaceous 
formations below the green sand. Hydraulic limes are 
to be obtained from the beds of limestone intercalated 
between the marls of the Kimmeridge clay ; in the Ox- 
ford clay at the passage between the upper and lower 
calcareous groups of this division of the sedimentary 
rocks ; and in the Liassic series. 

A very important practical observation is to be made 
respecting the results of the calcination of the different 
limestones. It is, that those which are obtained from 
the stones containing much silica in the composition of 
the clay, swell in setting, and are likely to dislocate the 
masonry executed with them. Those, on the contrary, 
in which the alumina is in excess, are likely to shrink 
and to crack. The magnesian limestones, or dolomites, 
appear to be the least exposed to these inconveniences, 
and to retain without alteration their original bulk. 
The limes obtained from the Oxford clay generally 
swell; those from the chalk marl contract. 

Another observation is, that the limestones which 
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contain many fossils, are also exposed to the serious 
inconvenience of producing a lime exposed to the risk 
of slacking at various and uncertain periods. Whether 
it arise from the fact that the decomposition of the ani- 
mal matter had previously affected the nature of the 
limestone in contact with it, or from that of the differ- 
ent action of the calcination upon the shells, we mostly 
find that the fossiliferous limestones contain black 
spots which do not slack at the same time as the rest 
of the lime, or whidh retain their aviditv for water to a 
later period; and in either case they swell, and disin- 
tegrate the mass around them. 

It were to be desired that a series of observations 
were made upon the different limestones throughout 
England, with a view to the classification of the limes 
they produce. To aid the formation of a set of tables 
of this kind, we subjoin a list of the headings under 
which the observations should be arranged. 

Column 1. The number of the specimen. 
„ 2. The locality whence extracted. 
„ 3. The geological position and mineralogical 
name. 

„ 4. The geological constitution and import- 
ance of the beds and country on which 
the observations are made. 

„ 5. The physical characteristics of the stone. 

„ 6. The chemical analysis. 

„ 7« The mode of burning. 

„ 8. The properties of the matter burnt. 

„ 9. Observations on the slacking of the lime. 

„ 10. Observations on the trials of its hydrau- 
licity. 

„ 11. General remarks. 
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The mode of analysis recommended by Berthier to 
ascertain whether a stone be, or be not, fit to be burnt 
for the purpose of obtaining an hydraulic lime, is as 
follows : — 

" The stone should be powdered, and passed through 
a silk sieve ; ten grammes of this dust are to be put 
into a capsule, and by degrees diluted muriatic acid is 
to be poured upon it, stirring it up continually with 
a glass or wooden rod ; when the effervescence ceases, 
no more acid is to be added. The dissolution is then 
to be evaporated by a gentle heat until it is reduced 
to the state of a paste; it is then to be mixed with 
half a litre of water, and filtered ; the clay will remain 
upon the filter. This substance is to be dried and 
weighed; the desiccation being made as perfect as 
possible. Lime water is then to be added to the 
remaining solution as long as any precipitation takes 
place from it. This precipitate must be collected as 
quickly as possible upon a filter ; it is then desiccated 
and weighed. It is magnesia, often combined with 
iron and manganese." For all practical purposes the 
above mode of analysis is sufficiently accurate, and is 
sufficient to indicate all the details necessary to be 
known. 



CHAPTER IV. 

ON THE CALCINATION OF LIMESTONES. 

The calcination of limestones may be effected in 
various manners ; it is only necessary to observe cer- 
tain conditions, which are very simple and easily attain- 
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able. The carbonate of lime requires to be brought 
to a red heat, in order that the carbonic acid gas may 
be disengaged; and it must be maintained in a con- 
tinued and uninterrupted manner at that heat, during 
several hours, in order that all the gas may escape. 
In general, the time necessary for the complete expul- 
sion of the gas will be in proportion to the size of the 
pieces of stone operated upon ; that is to say, it will 
be longer in proportion as the stones are bigger, denser, 
and drier : the operation will be shorter with limestone 
broken into small pieces, of a lighter nature, and 
moister. So well known is this last fact, that the 
lime-burners water the stone, if they are prevented 
from using it fresh from the quarry. 

It is easy to conceive that the interior parts of large 
pieces of limestone can only receive the heat through 
an envelope of feebly conducting powers ; and, more- 
over, that the carbonic acid gas has a certain pressure 
to overcome, in this case, before it can escape. The 
influence of the water may be explained in two man- 
ners : either it acts upon the carbonate of lime by enter- 
ing into the formation of a temporary hydrate, and by 
replacing the carbonic acid for a very short space of 
time in the parts of the limestone first affected by the 
fire (for the hydrate itself, as we have already seen, 
is decomposed by heat) ; or, the water, being itself 
decomposed by the combustible employed, takes the 
form of different gases, of which the hydro-carbonate 
may be one. This, reacting upon the carbonic acid 



of carbon ; and thus facilitates its separation from the 
stone. 

During the decomposition, a species of struggle 
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is going on between two molecular forces: the one, 
which tends to make the carbonic acid take the gaseous 
form ; the other, which retains it in combination. The 
latter force, like all those of the chemical affinities, 
increases as the operation proceeds. If, then, the 
temperature be not gradually augmented, the expansive 
power of the gas will be equilibriated by its affinity for 
the lime, and there would be no reason to determine 
a solution of the equilibrium. The intensity of the 
heat must therefore be gradually augmented; and, 
from these considerations, it becomes evident that the 
said intensity cannot be superseded by the length of 
exposure to its application. 

In practice, whenever the nature of the limestone 
is such as to render its being broken into small frag- 
ments too expensive an operation, the lime-burners 
place the largest blocks in the centre, and in the posi- 
tions where they are exposed to the greatest heat. 
Generally speaking, the temperature to be produced 
in a kiln is also, from the size of the stones, much 
greater than is necessary for the molecular decompo- 
sition. It is, in fact, a question of economy, whether 
the saving of the fuel compensate for the expense of 
breaking the stones into very small pieces. 

In burning limestones, which yield either poor, or 
hydraulic limes, it was formerly held that a chemical 
action is produced by means of which the clay, silex, 
magnesia, oxide of iron, &c, enter into combination 
, with the lime, and by so doing facilitate the disengage- 
ment of the carbonic acid gas. They add, in fact, a new 
force to that of the heat, for as the lime has more affinity 
for them than it has for the carbonic acid, it seeks to 
quit its original state to enter into the new combination. 
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The presence of these ingredients in the limestone, 
therefore, facilitates calcination. But the action of the 
alumina, of the magnesia, and of the oxide of iron, 
either together or separately, seems to be confined 
within these limits. The addition of silica, even in 
very small doses, appears to determine a vitrification, 
which alters the nature of the lime very seriously. In 
all cases, therefore, where argillaceous limestones are 
used, it is necessary to exercise great care and attention 
in the regulation of the mode of calcination. 

General Treussart, in his observations upon the 
burning of lime, says, "that all the limestones upon 
which he operated when of a blue colour became of an 
ochreous yellow if burnt in a slight degree. Upon 
augmenting the degree of heat, the colour passed suc- 
cessively to a deep yellow, to an ash-grey, and at last 
to a slate-coloured blue, when the heat was very 
intense." The mode in which he accounts for this 
blue colour is, by supposing that the iron has been 
reconverted into the state of a protoxide. Similar facts 
occur in brick burning, when the clay employed con- 
tains much oxide of iron, and is of a very dark colour. 
At a certain degree of the calcination, the iron they 
contain passes to the state of a red oxide, as in the 
bricks employed in London under the name of "place," 
or even " stock bricks ;" if the heat be increased they 
become yellow, or straw colour, like the "pickings" 
and the malm paviours; then if the heat be further 
increased they become ash-grey, or blue, like the 
glazed headers of commerce. The iron, in this case, 
must have lost its oxygen to a great extent. 

General Treussart appears inclined to differ from 
Vicat upon the question as to whether the colour of 
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a lime may be taken as an approximate indication of 
its quality. According to the former, the best hydrau- 
lic limes, when properly burnt, are of a light straw 
colour. It is much to be desired that some such easy 
mode of distinguishing at once the degree of calcina- 
tion were ascertained, for the qualities of the lime are 
very seriously affected by the heat it has been ex- 
posed to. 

The importance of so determining the proper point at 
which to stop the calcination becomes more evident, 
when we consider that some of the hydraulic limes, if 
over-burnt, lose all their useful properties, and are, to 
use the workman's phrase, killed : if under-burnt, they 
are often poor, without any hydraulic powers. The 
purer limestones, or those which yield rich limes, pre- 
sent other phenomena equally inexplicable in the 
present state of our knowledge of the science. For 
instance: if chalk be burnt in such a manner as to 

* 

drive off all the carbonic acid gas it contains, it yields 
a lime whose hydrate never solidifies under water, as 
we have already seen. If the calcination be stopped 
at a point below that necessary for the expulsion of 
the gas, the lime produced does not change in bulk by 
slacking, and it will be found to set under water almost 
as rapidly as the moderately hydraulic limes. If over- 
burnt, the resulting chalk-lime reassumes the power of 
hydraulicity, which it had lost at the point at which 
the gas was entirely disengaged. No consecutive series 
of observations has yet been made upon the action of 
limes in the different states of their calcination; but 
General Treussart states that those which have been 
over- burnt swell in setting ; and some observations I 
have myself made upon the Portland cement (to* be 



Digitized by Google 



MORTARS, 8TUCCOS, AND CONCRETES. 29 

noticed hereafter) rather tend to confirm that as- 
sertion. 

No invariable rule can be laid down as to the descrip- 
tion of combustible to be employed. In our own 
country, the choice is practically limited to two sorts, 
coal or coke; and the only reason we can have to 
decide our preference must be based upon motives of 
economy. In some countries, Germany, Holland, the 
French Flanders, &c, peat is used very successfully 
when the kilns are constructed for the use of this 
combustible. In new countries, where wood abounds, 
it is largely used for lime-burning; but the kilns are, 
in such cases, made with hearths upon which the wood 
is burnt separately from the limestone ; for the wood 
is not well adapted to what are called running kilns. 
The same objection also applies to the use of fresh 
coal; it often cakes, and runs; thus not only impeding 
the calcination, but also giving rise to great impurities 
in the lime. If any use of the produce of the distilla- 
tion of the coal can be made, there is then an evident 
advantage in the employment of coke, for the gases 
which the latter gives off during combustion, arrive 
at once at their highest degree of temperature ; whilst, 
with those from the coal in its natural state, the com- 
bustion is continued far beyond the surfaces of contact, 
and the temperature only arrives at its maximum at 
the end of this combustion. The quantity of smoke 
that escapes from the mouth of a kiln where coal is 
burnt, may be taken as an indication and a proof of 
the combustible wasted. But, as was said before, the 
determining motive in the choice of combustible must 
be found in local considerations of economy. 

The limestone is sometimes burnt in large stacks m 
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the open air, consisting of alternate layers of stone and 
of coal, similar, in fact, to the mode of burning bricks 
in clamps. The same care is required as with the latter, 
in well coating the sides with clay, so as to retain the 
heat as much as possible ; and the heaps require the 
same attention to secure an equality of draught, so that 
the whole mass may be burnt alike. This method can, 
however, only be employed in the coal districts of any 
country, for the waste of combustible by the radiation 
of heat is enormous. 

The forms of kilns usually employed may be classed 
as follows: — 1. A rectangular straight prism. 2. A 
cylinder. 3. A cylinder surmounted by a truncated 
cone. 4. A reversed straight-sided cone, or funnel. 
5. A cone of different diameters, or a form produced 
by the revolution of an ellipsoid. 

The rectangular prisms are used in some parts of 
the continent for the purpose of burning at the same 
time both lime and bricks or tiles. The limestone 
occupies the lower half ; the upper part is filled with 
the bricks or the tiles placed on edge. 

The cylindrical kilns are principally used in situa- 
tions where large quantities of lime are required within 
a short space of time. They are rarely constructed for 
definitive use ; they are easily built, cheap, but not of 
long duration. An archway is first made to form the 
hearth; a round tower is then constructed upon this 
to form the kiln itself, which may be either in lime- 
stone, brick, or any material of those natures; the 
outside is rendered with clay, so as to effectually stop 
all the holes, and this envelope is maintained by a 
rough kind of hurdle, taking care to leave an opening 
• in front of the hearth. 
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The kilns of the third form are constructed of more 
solid materials and in a more permanent manner. They 
serve only for the purpose of lime burning, without 
admixture of bricks. The largest stones are placed in 
the bottom of the kiln ; the smaller pieces are placed 
in the straight cylindrical part at the top. These kilns 
are superior to the others before mentioned, inasmuch 
as the heat is reverberated from the sides, and cannot 
escape into the air without producing a useful effect. 

These three forms of kilns are used principally for 
intermittent fires, and in cases where wood or rich flare 
coal is burnt. The two last-named forms are more 
especially employed when coke or poor coal is the 
combustible used. In the countries where peat is 
burnt, the kilns are constructed in the fifth form above 
described. 

The inside of the kilns is generally built of fire 
bricks, or of such materials as resist the action of the 
fire, set in fire clay for a thickness of from 14 to 18 
inches. The principle which should influence the choice 
of materials is, that they should be such as have the 
smallest conductive powers possible, and such as, when 
once heated, retain that state the longest. 

When the kilns are worked by intermittent heat, 
either from wood or coal, the limestone charge rests 
upon arches, constructed of the large pieces to be 
burnt, laid dry. A small fire is lighted below these 
arches, and quite at the back; this is gradually in- 
creased towards the mouth as the draught increases. 
The opening is then regulated to secure the proper 
degree of combustion, and new combustible is added 
to maintain it to that point. The air, which enters by 
the fire door, carries the flame to all the parts of the 
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arch, and gradually brings the whole mass of the lime- 
stone into a state of incandescence. It is to be ob- 
served, that some stones are exposed to the incon- 
venience of cracking, and of bursting with a loud 
explosion, by the application of heat. It is dangerous 
to use them in the construction of the arches; care 
must therefore be taken only to use such as are exempt 
from this inconvenience. 

When the upper part of the kiln is of a smaller 
dimension than the lower, it often happens that the 
current of heated air, being impeded in its escape, 
returns, and drives the flame through the fire door. It 
is advisable, therefore, for this and for several other 
reasons connected with the draught of the kilns, to 
make the upper part in such a manner as to allow of 
the openings being enlarged or contracted, as the case 
may require. In some places the lime-burners, in 
filling the charge, introduce pieces of wood, placed 
vertically, in order to facilitate the circulation of the 
air and heat. These pieces are burnt at an early stage 
of the process, and they leave spaces which act as 
chimneys. It admits, however, of question, whether 
the circulation, being so much more active in these 
parts, does not produce an unequal calcination. 

The degree of heat to be obtained varies, according 
to the density and the humidity of the limestone, from 
15 to 30 degrees of Wedgewood's pyrometer. The 
length of time necessary for the perfect calcination can 
only be ascertained by experience. It depends not 
only upon the nature of the stone, and the quality of 
the combustible, but also upon the draught of the kiln, 
the state of the atmosphere, and the direction of the 
wind. Before the operation is completed in the lower 
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portion, a gradual subsidence of the mass takes place ; 
the stones which form the arches crack, the interstices 
diminish, and at length the charge sinks about one- 
sixth or one-fifth of its height. A very simple and 
effectual way of ascertaining whether the calcination is 
complete, is to drive a bar into the body of the charge. 
If it meet with a considerable resistance, or strike 
against the firm hard materials, it is a proof that the 
burning is not finished. But if, on the contrary, it 
penetrate easily, and only meet with a resistance similar 
to that which it would encounter in passing through a 
mass of gravel, the calcination may be regarded as com- 
plete. Another method of ascertaining whether this is 
really effected, consists in drawing a sample of the lime, 
upon which a direct essay is made ; but this is liable to 
error, according to the position the piece may have 
occupied in the kiln. 

Running kilns, or those in which the stone and coal, 
or coke, are mixed in alternate layers, are the most 
difficult to manage with certainty, although when esta- 
blished under favourable conditions they are the most 
economical. A mere change in the direction of the 
wind, a falling in of the inner parts of the kiln, an irre- 
gularity in the size of the pieces of limestone, are any 
of them causes sufficient to retard or accelerate the 
draught (by producing irregular movements in the 
descent of the materials), and thus give rise to either 
excessive or defective calcination. At times, a kiln 
will act perfectly for several weeks, then all of a sudden 
it will get out of order without any apparent reason. 
A mere change in the nature of the combustible will 
often produce so great a difference in the action as to 
defy all the calculations of the lime-burner. In fact, 

c 5 
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the use of running kilns is essentially a matter of prac- 
tice, and as to their results, little can be predicted with 
certainty. 

The most favourable conditions to ensure a success- 
ful result from this mode of burning seem to be, that 
the thickness of the charge of limestone do not exceed 
from 1 foot to 14 inches; that the charge do not 
pass the top of the kiln ; and that the combustible be 
well and equally distributed throughout the mass. The 
man charged with the direction of the operation, must 
carefully watch the upper part of the furnace, and open 
fresh currents of air in the places where the gases in 
combustion do not pass. These may be ascertained by 
observing whether the stones are blackened by the 
smoke escaping through the top, for that evidently can 
only take place in the direction of the escape of the 
gases. Wherever, therefore, the stones remain un- 
blackened, the kilnsman must pass a bar through them 
to open a new chimney. 

The lime, whose calcination is complete, must be 
withdrawn with precaution, because a precipitate fall 
of the upper mass might derange the coal between the 
joints, and thus some of the layers might have an excess 
' of coal, whilst others would be entirely without any. 
The upper parts of the charge must be well arranged 
after each withdrawal from the lower, the large unburnt 
pieces being thrown towards the centre, and proper 
currents of air formed through them. Generally speak- 
ing, the lime is extracted every morning and evening ; 
on Sundays and holidays, precautions must be taken 
to render the action of the fire less rapid. It is usual 
to light the fire in this description of kiln as soon as 
the third course of limestone and combustible is filled 
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in, in order to avoid the serious inconvenience of being 
obliged to empty the kiln, should the mass not get well 
into combustion. 

Limes burnt in kilns adapted to periodical calcina- 
tion have an advantage over those obtained from run- 
ning kilns, inasmuch as they preserve better in the 
open air. This appears to arise from the fact of their 
cooling more gradually; indeed, it is preferable with 
the former kind to shut the fire door, and only to allow 
the heat to escape from the top of the kiln ; this gene- 
rally takes from six to eight hours after the complete 
extinction of the fire. 

The combustion is carried on in the three first de- 
scription of kilns on an average for three days and 
three nights; but of course the duration must vary 
according to the circumstances of each particular case. 
They usually require about 60 cubic feet of oak tim- 
ber ; 117 cubic feet of fir ; about the same quantity of 
peat of the best quality ; and 9 cubic feet of coal ; to 
.produce about 35 cubic feet of lime. The running 
kilns do not consume on the average more than 7 cubic 
feet of coal for the same quantity. 

The calcination of limes is, however, a subject still 
very little understood, and it is impossible, therefore, 
to enunciate any principles of universal applicability. 
There are so many disturbing causes in operation ; the 
difficulty of observation in all cases where large masses 
are in a state of simultaneous incandescence is so 
great ; that it will be long before we shall be able to 
ascertain the chemical and electrical phenomena which 
take place during these operations, with sufficient cer- 
tainty to enable us to derive any practical benefit from 
them. At present our best guide is experience, and a 
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kilnsman who has watched the action of hid own kiln 
for years, knows more upon the subject than the first 
theoretician in the world. There is one opinion, how- 
ever, received among workmen which it may be advis- 
able to contradict at once, notwithstanding its anti- 
quity and the sanction it has received from Bernard de 
Paiissy ; namely, that if a calcination be interrupted, it 
can never be resumed. Messrs. Petot and Hassenfraz 
have both practically demonstrated that such is not the • 
case. But Vicat and Minard appear to be of opinion 
tha: the limes thus obtained by a re-calcination, as well 
as the rich limes when under-burnt, exist in a state 
which possesses very peculiar properties, the laws of 
which are entirely unknown to us in the present state 
of the science. 

Attempts have been made to employ the waste heat 
which escapes from the top of the running kilns, for 
the purpose of burning bricks or tiles, in a somewhat 
similar manner to that employed in the first description 
of kiln. The success of these attempts is, however, 
very doubtful ; for if the bricks rest immediately upon 
the limestone they are liable to be distorted when this 
falls by the process of calcination, and it is an error to 
suppose that these articles require a less degree of heat 
than the lime itself. The only valuable or economical 
application of the heat, therefore, seems to consist in 
the drying the bricks, &c, gradually, before exposing 
them to a separate and distinct calcination. 

In some countries the ashes which fall through the 
grates of the kilns are carefully collected and used as a 
water or hydraulic cement. They are found to be 
mixed with minute portions of lime which have fallen 
through the arches, and it is doubtlessly to their pre- 
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sence that we may attribute much of their useful ac- 
tion. Such cinders are usually sold at half the price of 
the lime. At Utrecht, in Holland, oyster shells are 
burnt in large quantities for the purpose of obtaining 
lime; but as the carbonate of lime they contain ex- 
ists in a great state of purity, the lime is too rich to 
be employed without the admixture of trass or puz- 
zolano. 

Limestone generally loses by calcination 0*45 of its 
weight from the evaporation of the water and the dis- 
engagement of the carbonic acid gas. Its diminution 
in bulk is far from being as remarkable; and, more- 
over, the diminution varies with the nature of the 
stone, and the degree of subdivision in which it exists 
before and after calcination. It may be estimated as 
ranging between O'l and 0*2 of the original bulk. The 
difference in weight between the carbonate and the 
lime obtained from it, is also very uncertain ; but the 
loss may be taken at about from 15 to 17 per cent, of 
the weight of the stone. 

The general rules upon which limekilns should be 
constructed are as follows :— Firstly, the lining of the 
inside should be of fire bricks, because these materials 
resist the action of the fire better than any others; 
they preserve their form at high temperatures, and con- 
duct the heat with greater difficulty. Secondly, the 
total height of the interior opening must be such that 
the degree of heat existing at the top be that absolutely 
required to calcine the stone placed there, in the cases 
where the calcination is periodical. This is found, 
generally speaking, to be attained when the height is 
to the largest diameter in the proportion of 2 to 1. 
Thirdly, when the calcination takes place in running 
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kilns, this proportion may be beneficially increased 
until it arrives even at 5 to 1 ; the usual proportions 
vary between 3 and 4 to 1. Fourthly, in kilns in 
which the calcination is intermittent, the upper opening 
should be about one-third of the greatest diameter; 
the opening for the fire about one-fourth of the same 
dimension both in height and in width. In running 
kilns, the upper orifice should be five times the diameter 
of the lower one when these kilns are in the form of 
reversed cones ; the dimension of the lower orifice is 
usually about 1 ft. 8 in. Fifthly, the thickness of the 
external walls is not invariable, the only rule to be ob- 
served is to make them as thick as possible, in order 
to retain the greatest quantity of heat. No mistaken 
motives of economy should be allowed to interfere in this 
case, for the saving obtained in the cost of the masonry 
would be very soon absorbed by the waste of fuel. As 
was said before, the fire-brick lining should be made 
from 14 to 18 inches in thickness. 

It would appear from some remarkable facts observed 
during the execution of the later works of the Cher- 
bourg Breakwater, and from experiments made by 
Messrs. Signorile and Vicat, that the nature of the 
fuel has at times a serious influence upon the quality 
of the lime exposed to its effects. If the fuel should 
contain much sulphur, it is possible that the sulphuric 
acid gas given off during its combustion may enter into 
combination with the lime, producing a mixture of sul- 
phate of lime with the purer material. Now the sul- 
phate of lime sets much more rapidly than, and with a 
different crystallization from that of, the carbonate of the 
same base ; and it results from this that there is a confu- 
sion in the arrangement of the molecules of the mixed 
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mass which does not allow of its assuming the same de- 
gree of hardness a more homogeneous material would do. 
Moreover, the sulphate of lime decomposes both in the 
open air and in sea water very rapidly, and if present 
in any considerable quantities it will infallibly cause 
the disintegration of any masonry into the execution of 
which it enters. Of course, the slower the process of 
calcination the greater will be the danger from the pre- 
sence of any sulphur in the combustible ; and it is for 
this reason that it is essential to the process of manu- 
facturing Portland cement that the coke employed 
should have been carefully prepared* 



CHAPTER V. 

ON THE ARTIFICIAL HYDRAULIC LIMES. 

Although the limestones which furnish hydraulic 
limes naturally are very plentifully distributed, circum- 
stances may occur to render their employment too ex- 
pensive. In such cases their want is supplied, at least 
upon the continent, by the use either of trass or of 
puzzolano (either natural or artificial), which are mixed 
with the rich limes, or by the use of artificial hydraulic 
limes. Vicat, the inventor of the system of making the 
latter employed near Paris, naturally recommends their 
use. General Treussart, with the jealousy which so 
strangely marks the two divisions of the engineering 
profession in France, the military and the civil, appa- 
rently for no other reason than because Vicat had so 
recommended the artificial hydraulics, gives the pre- 
ference to the mixture of the trass, &c, with the rich 
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limes. Experience has settled this question, however, 
in favour of Vicat's opinion ; and unless the trass and 
puzzolanos are found in the most extraordinarily fa- 
vourable conditions of economy, they are never used in 
the present day by engineers who have at all studied 
this branch of their profession. 

Indeed, it must be evident that the chemical action 
produced upon the lime by the mechanical mixture of 
puzzolanos, can never be so perfect in its results as 
that which is called into activity during the process of 
calcination. Even if we leave out of account the effect 
of the heat in producing a more perfect chemical com- 
bination between the bases, there is always a danger 
attending the use of the subsequent mechanical mix- 
tures. Either from carelessness, want of skill, or even 
in spite of the best intentions, it often happens that the 
combination is not perfect, and that the limes and puz- 
zolanos are so mingled that there is excess of lime in 
one place, of puzzolano in another. Very serious 
failures have occurred from the use of these mixed 
materials in sea works, as we shall have occasion to 
notice hereafter. In the meantime, the experience of 
the best continental engineers has led them to prefer 
the use of the. artificial hydraulic limes wherever natural 
ones are not to be met with. 

There are two methods of preparing the artificial hy- 
draulic limes. The first, which is the more perfect, 
but at the same time the more expensive, consists in 
mixing the slacked rich lime with a certain proportion 
of clay, and burning this compound. The lime in this 
case goes through a double calcination. 

The second method consists in mixing, instead of the 
slacked lime, soft calcareous matters with the clays, 
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such as chalk, or the tuffas of some of the other forma- 
tions, and in reducing the whole to a paste by grinding 
them together in a mill. Being in both cases masters 
of the proportions of the different ingredients, it is easy 
to communicate the hydraulic properties in any degree 
of energy the works they are intended for may require. 

Generally speaking twenty parts of dry clay are 
mixed with eighty parts of very pure rich lime, or with 
one hundred and forty parts of carbonate of lime ; but 
if the lime or the carbonate contain already any clay in 
their composition, a smaller proportion would be neces- 
sary. It is impossible to say beforehand what the pre- 
cise proportions should be, because the limestones and 
the clays of every locality differ in their nature. Of 
the latter, the finest and softest to the touch are the 
most preferable. 

At Meudon, near Paris, some extensive lime works 
were erected under the directions of Vicat, by MM. 
Brian and St. Leger, for the manufacture of articial hy- 
draulic limes from the chalk and clays of that country. 
The chalk was divided into pieces of the size of a fist 
previously to being ground. A large vertical mill, with 
two horses, crushed and mixed together, with a plen- 
tiful supply of water, the materials, which were intro- 
duced in the proportion of four of the chalk to one of 
the clay. The liquid mixture was run off into a series 
of five troughs placed at successive differences of level, 
and deposited in them the matter it held in suspension. 
A double set of these troughs was necessary, in order 
that one might be worked whilst the liquid was depos- 
ing in the other, and it was found that the shallower 
the troughs were in proportion to their surface, the 
more rapidly did the deposition take place. 
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As soon as the deposed matter became of sufficient 
consistence to support manipulation, it was made into 
small prisms with a -mould. The prisms were then 
placed on a drying platform, and allowed to dry until 
they arrived at the state of freshly quarried limestone. 
They were then put into a kiln, and burnt by any of 
the modes we have already mentioned. 

In England a somewhat similar process is followed 
in the manufacture of the Portland Cement, as it is 
very absurdly called. This is, in fact, nothing but an 
artificial hydraulic lime composed of the diluvial clay 
of the valleys of our principal rivers, mixed in definite 
proportions with the chalk of the same geological dis- 
tricts. These materials are very finely comminuted 
under mills, and with water ; they are allowed to de- 
posit, and are then desiccated and burnt. But here 
begins the difference, and the most delicate part of the 
manufacture. Instead of merely driving off the car- 
bonic acid gas, the calcination is pushed to a point 
which produces vitrification in a very considerable por- 
tion of the contents of the kiln. The lime is, in fact, 
overburnt ; and it often happens that it is irregularly 
so. Great care is therefore required in grinding the 
different products of the calcination, to secure a pro- 
per equality in their times of setting : for it is to be 
observed, that all the over-burnt limes, like the natural 
cements, slack with so much difficulty when in large 
masses, as to require to be broken up, or comminuted, 
before being used. There is also attached to the Port- 
land cement the danger before alluded to of occasionally 
expanding in setting. It should, therefore, never be 
used, unless in positions where this action, which the 
manufacturers do not appear to be able to control, can- 
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not be prejudicial to the solidity of the work. When 
carefully prepared it is invaluable for external plaster- 
ing, because it does not allow of the formation of vege- 
tation like the natural cements ; but unless great care 
has been taken in its manufacture it should not be used 
for large masses of masonry. 

There is a material sold in London under the name 
of Portland Cement, which is manufactured in the 
Midland Counties, principally in Warwickshire, and 
which requires to be used with even more caution than 
the material it is intended to represent. This artificial, 
and sometimes highly energetic, hydraulic lime is com- 
posed of ordinary blue lias lime, mixed in powder with 
definite proportions of clay, obtained from the intercal- 
ated beds of the same geological formation, and burnt 
in close retorts ; the use of the retorts being to retain 
the colour. It must be evident that, inasmuch as both 
the clay and limestone strata of the blue lias differ in 
their mineralogical composition in a remarkable manner, 
and as the mixture of the materials obtained from their 
separate calcination takes place by a purely mechanical 
process, the probability that the resulting material will 
be of a variable quality must be increased to such a 
degree as to render it impossible to count upon its pre- 
cise effects. The greatest practical danger attending the 
use of this (improperly called Portland) cement is, how- 
ever, found in the fact, that the solidification does not 
take place with sufficient rapidity to allow of its being 
used under water in many cases where the real Portland 
cement would succeed, and for which that material is 
usually prescribed by our modern architects,, A cement 
of equal value with, and possessing the same qualities 
as, this blue lias cement (as it ought to be called) would 
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easily be formed by the mixture of grey stone lime, in 
powder, with pounded tiles or place bricks, in the 
proportions of from 15 to 20 per cent, of the lat- 
ter, to from 80 to 85 per cent, of the lime; but, 
perhaps, the colour of this tile cement might be objec- 
tionable, inasmuch as it would be decidedly red. Both 
of these mixtures would also, it is to be observed, be 
useless in situations where they might* be exposed to 
the effects of salt water : Portland cement, on the con- 
trary, when well made, resists admirably, in such situ- 
ations, if we may judge from so short an experience as 
eight or nine years'. 

General Treussart's experiments upon artificial hy- 
draulic limes would lead to the belief that their quality 
would be much improved if they were prepared with 
water in which the soda and potash of commerce were 
mixed. The proportion* he recommends are five 
measures in volume of chalk to one of clay, for the 
paste to be burnt : the lime to be subsequently slacked 
with water in which the above ingredients had been 
dissolved in the proportions necessary to bring the so- 
lution to the degree of 5° of the acid gauge. 

The subsequent researches of M. Kuhlmann deci- 
dedly confirm General Treussart's views upon this sub- 
ject. Even so far back as May, 1841, M. Kuhlmann 
recorded the result of some experiments which induced 
him to propound the opinion, that in the cement stones 
the alkalies above mentioned, soda and potassa, served 
as carriers in the combination between the silica and 
the lime, and thus gave rise to the formation of silicates, 
which, when placed in contact with water, solidified it 
with a species of hydration similar to that of plaster. 
He cited, as a confirmation of his views, the fact, that, 



Digitized by Google 



MORTARS, 8TUCC0S, AND CONCRETES. 45 

if a rich lime were burnt in contact with a dissolution 
of the silicate of potassa, it would become hydraulic. 
Subsequently M. Kuhlmann ascertained, by direct ex- 
periment, that it was possible to obtain an hydraulic 
lime of a superior quality by the calcination of a mix- 
ture of the rich lime and the alkaline silicate (both 
being very finely powdered) in the proportions of from 
10 to 12 of the latter, to 100 of the former. It is 
essential that the respective materials be finely pow- 
dered and intimately mixed ; for otherwise the reaction 
would be incomplete at the first moment of application, 
and an effect subsequent to the first solidification would 
soon produce a disintegration of the mass. 

It has been ascertained that the artificial hydraulic 
limes do not attain, even under favourable circumstances, 
the same degree of hardness, the same power of resist- 
ance to compression, as the natural limes of the same 
class. Of the latter, those which are obtained from the 
closest grained and densest lime-stones, are the most 
resisting. They should, therefore, be used in preference 
to the artificial mixtures, unless very serious reasons of 
economy oppose themselves. The above objection to 
the want of hardness does not, however, appear to apply 
to some of the over-burnt limes, for the Portland ce- 
ment attains a power of resistance to rupture either by 
extension or compression which is extremely remark- 
able. 
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CHAPTER VI. 

ON THE SLACKING OF LIMES. 

There are three methods of slacking lime, with respect 
to the relative merits of which chemists are even now 
at issue. The object to be obtained is to reduce the 
quick lime into a pasty hydrate, as unctuous as possible, 
and one which has absorbed the greatest possible quan- 
tity of water without having taken up too much, and 
thereby lost a proper consistence. As we have already 
seen that every separate variety of limestone produces a 
lime of a different chemical composition, it would in all 
probability be found that it would be dangerous to de- 
cide, before making experiments upon each of them, the 
mode of slacking which would be the most advanta- 
geous. The three methods are either by immersion or 
maceration ; or, by sprinkling with small quantities of 
water ; or, by allowing the lime to slack spontaneously 
by absorbing the moisture of the atmosphere. The cir- 
cumstances which render it advisable to employ either 
the one or the other of these methods, may be stated as 
follows. 

All the rich limes, as we have already seen, are ca- 
pable of being slacked by immersion ; they keep in a 
plastic state under water, and they even gain by being 
allowed to remain therein, for all the core becomes 
thus slacked. Plinius states that the Romans were so 
convinced of the truth of this, that the ancient laws 
forbade the use of lime unless it had been slacked for 
three years ; and that it was owing to this regulation 
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that their works were not disfigured by cracks or cre- 
vices. Alberti mentions, in the 11th chapter of the 
second book, that he discovered once, in an old trough, 
some lime which had been left there 500 years, as he 
was led to believe, by many indications around it ; and 
that this lime was as soft and as fit to be used as at 
first. 

But when the limes are hydraulic in their action, or 
when they harden rapidly, if reduced to the state 01 
hydrates, it is important not to slack them before they 
are absolutely required ; moreover, it is equally import- 
ant not to mix them with too much water, for this 
always interferes more or less with the crystallization in 
setting, and gives rise to other phenomena alluded to 
hereafter. Vicat recommends that the slow-slacking 
limes (such, in fact, as are all the hydraulic ones) should 
be reduced to a powder before they are worked up into 
a paste for the making of mortar; that an imperfect 
slacking be commenced, in fact, before the lime is to be 
used. General Treussart, and all practical men, how- 
ever, agree in considering this course not only as doubt- 
ful, but even as positively injurious. There are, it is 
true, in all limes, particles which slack with more diffi- 
culty than the rest ; and if these particles be introduced 
into the mortar, as they expand in slacking, they are 
likely to disintegrate the other portions of the work into 
which they enter. It is possible that this inconve- 
nience is obviated by the imperfect slacking Vicat re- 
commends ; but it is also evident that the hydration 
and the absorption of carbonic acid gas must also 
be going on, and that the lime is losing some of the 
concretionary force it should exercise in place. Treus- 
sart asserts, and with justice, that all limes of an hy- 
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draulic character require to be used fresh from the 
kiln ; that the workman's notion that the lime is killed 
by time is substantially correct ; and that the only pre- 
caution to be taken to ensure a perfect slacking should 
be to grind the fresh lime immediately before using it. 
Vicat, it is true, insists much upon the lime being 
slacked and immediately put into close casks ; but that 
is only a mode of palliating the inconvenience. It is 
singular, however, that Smeaton followed precisely the 
system Vicat recommends in transporting across the 
country the lime used for the Eddystone lighthouse. 
Hassenfraz, and many other writers upon the subject, 
appear to agree with Vicat ; but experience is certainly 
against the conclusions to which they arrive. 

The hydraulic limes, then, it may be asserted, 
require to be slacked by one or the other of the modes 
described, as either by sprinkling them with small 
quantities of water, or by spontaneous absorption whilst 
in their freshest state. Wherever it can be done eco- 
nomically, the former mode should be employed, the 
lime being previously ground. Should the position or 
the extent of the work to be executed not justify the 
expense of a mill for grinding the lime, the second may 
be employed. 

The rich limes augment in slacking about two-fifths 
in weight, and even as much as 3'52 of their original 
volume, or even more ; they absorb about one-third of 
their volume of water before passing to powder, and one- 
half before the powder becomes moist. The powder 
has already a very considerable augmentation upon the 
bulk of the lime itself, sometimes to the extent of 
double its original volume. To pass into a paste fit for 
mortar, the powder will again absorb about l£ time 
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its own bulk of water; and it is then about 3 J to 4 
times the bulk of the lime. The hydraulic limes absorb 
considerably less water, and only increase in bulk from 
If to 2£ times their original volume. 

There are still some unexplained phenomena in the 
action of the hydrates, which are worthy of attracting 
the attention of the scientific world. For instance: 
even though the lime be reduced to the state of a paste, 
it nevertheless retains the power of absorbing water 
during a long interval of time. And we have already 
seen that although it has so great an affinity for the 
water, yet it parts with it very easily upon the applica- 
tion of heat or friction. It is this latter faculty that 
the workmen bring into action when, as they say, they 
chafe up again a mortar which has been made for some 
time. With the hydraulic limes this practice is bad, 
and should never be allowed ; for the solidification of 
a mortar once interrupted, it is often put a stop to for 
ever. The same inconvenience does not appear to be 
attached to the re-working of the rich limes. 

Many distinguished philosophers are disposed, in the 
actual state of our chemical knowledge, to attribute 
the various phenomena connected with the setting 
of lime to the changes it undergoes during the pro- 
cess of hydration, and to assign to the various in- 
gredients which are ordinarily found in connection 
with that base little more than a mechanical ac- 
tion. It is considered by these persons, in fact, that 
the solidification of limes only takes place by the 
absorption of the water of crystallization; and that 
although subsequently the carbonic acid gas combining 
with the hydrate of lime may greatly increase its hard- 
ness, this gas plays but an insignificant part in the 

D 



Digitized by Google 



50 ON LIMES, CALCAREOUS CEMENTS, 

early part of the solidification. It would, indeed, be 
impossible to present sufficient doses of carbonic acid 
gas to the quick setting limes within the period they 
usually require for the completion of that process, at 
least under ordinary circumstances ; and the singular 
manner in which some quick setting limes and cements 
throw off the excess of water mixed with them, beyond 
that required for the purposes of hydration, appears to 
confirm these opinions. Moreover, it is questionable 
whether, according to the laws of chemical equivalents, 
any of the supposed combinations between the lime, 
the silica, or the other bases, could take place under 
the circumstances which usually attend the application 
of building materials ; and it has been observed that 
the simple immersion of chalk in a solution of alum, 
previously to calcination, communicates to it after going 
through the kiln hydraulic properties, feeble, it is true, 
and of no commercial value, but still distinctly percep- 
tible. In this case the alum will be found to have been 
volatilized in the kiln, for no trace of it is to be disco- 
vered in the caustic lime ; the effect it produces would, 
therefore, appear to be confined to the production of 
some molecular change in the lime during the calcina- 
tion which is favourable to the subsequent process of 
hydration. Possibly the different circumstances under 
which the latent caloric of the water of crystallization 
is given off by the various classes of limes, may have a 
connection with the solidification of the latter. At any 
rate it is to be observed that the limes which give off 
the greatest heat and with the greatest rapidity, after 
the process of slacking, are precisely those which harden 
under the most unsatisfactory conditions, even if they 
harden at all. Mr. Way's unpublished researches in 
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this highly interesting, but still obscure, department of 
chemistry, have thrown great doubts upon the opinions 
usually received with respect to it. Unfortunately his 
views are not yet sufficiently developed to allow of their 
being referred to in more than a cursory manner. 

With the very moderately hydraulic limes used in 
London, no great precautions are necessary in slacking 
the lime, nor does the operation require much time. 
The usual mode of throwing water over the lime, and 
then covering the latter with sand to retain the vapour 
given off, answers sufficiently well for buildings in the 
air, and in which the common Dorking or Hailing limes 
are used. If the blue lias lime be used, however, it is 
necessary to begin the slacking about 24 hours before 
it is made into mortar, in order that the more inactive 
parts may be called into action. 

When the lime has been thus reduced to the state of 
a hydrate, it is converted into mortar, for the purposes of 
masonry, by the additions of sand. The carbonic acid 
gas of the atmosphere is slowly absorbed by the hy- 
drates, and they finally resume the crystalline form of 
the carbonate of lime, by arranging themselves around 
the bodies with which they are in contact. This pro- 
cess goes on from the outside towards the centre, and 
with a rapidity varying with the nature not only of the 
lime itself, but also with that of the sand ; for the che- 
mical nature of the latter has nearly as much influence 
upon the progress of the crystallization as its mechan- 
ical structure. It is not found that the carbonization 
of the lime ever attains the same degree as that which 
exists in the limestone ; and we may, therefore, assert 
that almost all mortars are in a constantly increasing 
state, of induration, if that operation has ever com- 
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menced. This same fact also renders the recalcination 
of lime more easy than the original operation ; the car- 
bonic acid gas has not entered into such intimate 
union, in the second case, as when the mixture had 
taken place naturally. The thickness of the compara- 
tively perfectly carbonated film upon the hydraulic 
limes is, at the end of the first year, about ^th of an 
inch ; about ±th upon the rich limes. The further 
annual progress goes on in a decreasing ratio ; for it is 
evident that the increasing thickness of the film must 
oppose an increasing resistance to the transmission of 
the gas necessary to produce the desired effect. 

Some curious facts might be mentioned, not only to 
show the influence of a large body of masonry in re- 
tarding the solidification of the mortar in the interior, 
but also of the danger of using the rich limes in cases 
where such masses are necessary. Amongst them we 
may mention a fact cited by General Treussart, who 
had occasion to demolish, in the year 1822, one of the 
bastions erected by Vauban, in the citadel of Stras- 
bourg, in the year 1666. In the interior the lime, 
after these 156 years, was found to be as soft as though 
it were the first day on which it had been made. Dr. 
John mentions that, in demolishing a pillar, nine feet 
in diameter, in the church of St. Peter at Berlin, which 
had been erected 80 years, the mortar was found to be 
perfectly soft in the interior. In both cases the lime 
used had been prepared from pure limestone. 

Pure water absorbs or takes up ail the soluble and 
uncrystallized portions of the hydrates of lime. In 
all instances, therefore, in which it is required to build 
in water, or to expose the constructions to the action 
of that fluid, it is necessary to employ such limes only 
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as solidify almost instantaneously. Many cases have 
occurred in which works executed with the rich limes 
have failed, from the fact of all the mortar having been 
carried away: amongst others, the locks constructed 
for the improvement of the navigation of La Vilaine, 
which fell in from the cause above mentioned. 



CHAPTER VII. 

ON THE SANDS AND OTHER INGREDIENTS USED IN 
CONJUNCTION WITH LIME TO MAKE MORTAR. 

These ingredients are of several natures, and they ex- 
ercise very different and very important effects upon 
the qualities of the respective combinations into which 
they enter. They are, 1, the sands, properly so called, 
whether fluvial or pit sand ; 2, the clays, either in their 
natural or their burnt state; 3, the puzzolanos, trass, 
or other volcanic productions ; and, 4, the produce of 
artificial calcination, such as cinders, slag of furnaces, 
or scoriae. 

1. Sands are derived originally from the decomposi- 
tion of the older rocks, either by the action of running 
water, or by the spontaneous decomposition of the 
rocks themselves. They are technically distinguished 
from dust, by the fact that they sink at once to the 
bottom of water, without leaving any sensible quantity 
in suspension. The decomposition of the rocks often 
gives rise to a kind of agglutinating substance, which 
accompanies the sand, and binds it together. But this 
only takes place in the positions where the sand is 
found * in situ washed by the rains and the running 
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waters, it soon parts with such heterogeneous particles, 
and it arrives in a comparatively pure state into the bed 
of the principal rivers. This purity is lost as the rivers 
approach their embouchures ; for, in the first place, the 
diminished velocity of the current causes the heavier 
particles to subside before arriving there; the waters 
then only carry down the light earthy particles, and the 
decaying vegetable matters which may fall into them, 
thus giving rise to the formation of clay deposits. The 
constituent parts of the sand represent faithfully the 
rocks from whence they are derived ; thus the granitic 
rocks produce a sand, the principal ingredients of which 
are quartz, feldspar, and mica ; the volcanic rocks are 
represented by sands in which lava, obsidian, &c, 
appear ; the flat, soft-grained sands arise from the dis- 
integration of the schistose rocks ; the calcareous rocks, 
as might naturally be expected from their soft nature, 
are those which are the least represented in the series, 
unless in the case of the siliceous sands, arising from 
the comminution of the flints so plentiful in some of 
the secondary formations. 

The partial and secondary revolutions of the globe 
have given rise to immense formations of sand in 
places where rivers have long ceased to flow. The 
sand extracted thencefrom is known under the name of 
" pit sand/ 5 to distinguish it from that borne down by 
the rivers, called " river sand," and from the " virgin 
sand," which remains in the places where formed, with- 
out in any way suffering the action of water. Pit sand 
generally is of a sharper and more angular grain than 
river sand ; but in all other respects its composition is 
identical, excepting that it is occasionally stained by 
ochres. 
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The generally received opinion that the. sand should 
be perfectly free from all earthy matters, is only true to 
a certain extent. There exists a species of sand in 
very large masses in some parts of France, where it 
forms even entire hills, consisting of comminuted chalk 
in irregular grains, very unequal in size, and mingled 
with a clay sometimes yellow, red, brown, or even 
white, in proportions varying from a quarter to three 
quarters of the total volume. It is known under the 
name of " arenes," and is largely used in conjunction 
with rich limes for river and water works. Some of the 
decomposed grauwacke rocks also yield an argillaceous 
sand, composed of quartz, schiste, feldspar, and par- 
ticles of mica agglutinated by a species of clay, which is 
very valuable, whether used in its natural state, or cal- 
cined to make artificial puzzolanos, like the arenes. 
The granitic rocks of Devonshire, some parts of Brit- 
tany and of the extreme north-west of Spain, all of 
which are characterized by a remarkable excess of feld- 
spar, yield a sand of great value for building purposes, 
especially when the mortars composed of it are not im- 
mediately exposed to the effects of running water. In 
all probability, the potassa present in the decomposed 
and decomposing feldspar may influence the setting of 
the limes mixed with the sands thus obtained. 

2. The clays are rarely used in their natural state in 
combination with lime, unless it be to give a certain 
degree of consistence to mud walls or pise work. 
When burnt, they act somewhat in the manner of puz- 
zolanos ; and for all cases in which the mortars thus 
made are not exposed to the action of sea water, they 
appear to answer very well. The Romans were per- 
fectly aware of the practical value of this process ; for 
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many of their works, which have survived to the present 
day, especially the aqueducts, were executed with a 
mortar containing pounded bricks or tiles. 

M. Raffineau de Lille made a very important essay 
of the artificial cements obtained from pounded bricks 
in some works he executed, in fresh water, near Calais. 
There it answered as well as the ancient Romans had 
found it to have done. He called the attention of 
Vicat to the question, and that eminent engineer, after 
a laborious series of experiments, arrived at the convic- 
tion that the action of the burnt clay was in every re- 
spect analogous to that of the natural puzzolanos. 
Berthier had previously shown that the latter materials 
consisted principally of the silicate of alumina mixed 
with a very small proportion of lime and iron ; and as 
Vicat found the clays to differ in their composition only 
in the fact of their being hydro-silicates of alumina 
with nearly the same foreign ingredients, he thought 
that all that was necessary to render the clays as useful 
for hydraulic purposes as the puzzolanos, would be 
to drive off the water of combination. His experi- 
ments led him also to believe that a low degree of heat 
produced the best results, provided that it were man- 
aged in such a way as to allow the free access of the 
air to all parts of the matter in incandescence. 

General Treussart applied similar artificial puzzo- 
lanos on a large scale at Strasbourg. Other essays 
were made at Algiers, the Fort Boyard in the He de 
Re, at Brest, and at Cherbourg. At Strasbourg no 
accident has occurred ; but in all the cases where the 
cements thus prepared were exposed to the action of 
sea-w r ater, they appeared to set very satisfactorily at 
first — the favourable appearances lasted even for three 
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or four years, but at the expiration of that time all these 
cements fell to powder. 

Some very important lessons are to be derived from 
these failures. Firstly, they demonstrated clearly that 
the greatest possible care must be taken to ensure a 
perfect mixture of the ingredients of these cements, for 
the molecules of the silicate of alumina cannot enter 
into combination, if they do ever combine, with the 
lime unless they be mixed with it in a state of very 
minute division. A priori, then, we may assert that it 
is preferable to mix the clay with the carbonate, or the 
subcarbonate, before calcination. Secondly, it would 
appear that there must be a specific difference between 
the puzzolanos produced by the slow action of volcanic 
heat upon the various ingredients, and that produced 
by an artificial calcination, even should there not be a 
difference in the chemical constitution of the respective 
substances. 

Vicat studied the causes of these failures, and was 
led by them to some conclusions which may probably 
explain, not only the disintegration of the limes, but 
also the destruction of some of the building-stones, by 
sea-water. He found in the sea-water a very consider- 
able portion of hydrochloride of magnesia, and he pro- 
ceeded to experiment upon its action upon the hydrates 
and imperfect carbonates of lime. He found that in a 
simple solution of the hydrochloride, the particles 
which were already in a state of perfect carbonization 
remained intact; but that the particles which were 
simply in the state of hydrates passed into that of a 
soluble hydrochloride, and that the magnesia was intro- 
duced into the mass and disseminated throughout the 
whole tissue. It there quickly passed to the state of a 
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carbonate, with the greater facility when any carbonic 
acid gas was present. From this Vicat was led to 
think that the imperfectly carbonated parts of the 
cements, whose failure led to the investigation, must 
have taken up the magnesia from the sea-water, and 
passed to hydro-carbonates of lime and magnesia, simi- 
lar to the dolomites, whose formation may perhaps be 
accounted for in like manner. This would of course be 
accompanied by a mode of crystallization different 
from that of the ordinary carbonate of lime, leading, 
doubtlessly, to the disintegration of the whole mass. 

The engineer charged with the direction of the works 
at Rochefort told me that, besides taking up the mag- 
nesia, and passing to the state of a carbonate of lime 
and magnesia, the mortars at Fort Boyard contained 
crystals of sulphate of lime. Now, as the sea-water 
does contain a considerable portion of the sulphate of 
magnesia, it is possible that the lime may have ab- 
sorbed the sulphuric acid thus presented, and given 
rise to the new combination, which in its turn must 
have contributed to destroy the cohesion of the whole 
body, for the tendency of the sulphate of lime in crys- 
tallizing is known to be expansive. 

The practical lesson to be drawn from these re- 
searches would be, never to employ the artificial puzzo- 
lanos, in the present state of our knowledge of this 
branch of chemistry, for any works of importance 
where water charged with salts is likely to affect them. 
It also shows how much care should be taken before 
employing new compounds in works of importance; 
for we see that in these cases no symptom of decay 
manifested itself during the first three or four years. 
Such want of precaution is the more culpable in Bng- 
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land, where we possess natural cements of such un- 
doubted excellence, and where it would be so easy to 
procure the best hydraulic limes. 

3. The puzzolano is a volcanic substance of a pulve- 
rulent character, and a violet red colour, which was 
first employed in the fabrication of mortars by the Ro- 
mans. It was then, according to Vitruvius, found in 
the vicinity of Puzzoli, near Baia, and not far from Ve- 
suvius. Subsequently a similar material has been 
found in the Vivarais, a theatre of extinct volcanic 
action in the centre of France ; near Edinburgh ; at a 
village called Brohl, near Andernach on the Rhine, 
where it is worked under the name of trass or terrass ; 
and in almost all the localities marked either by the 
present or past action of subterranean fires. Its aspect 
varies, however, very much ; sometimes it is in a state 
of powder, at others in coarse grains ; often in the form 
of pumice, scoria, or of tuffa or small rubble-stone. 
Its colour is often brown, or yellow, or grey, or black, 
even in the same locality. 

The Tripoli, and the sandstones and limestones 
altered by contact with the rocks of eruption, also fre- 
quently take the character of puzzolanos, and may be 
classed, therefore, as pseudo-volcanic products of a 
similar category. But the conditions under which 
they were exposed to the heat of the volcanic rocks, 
and under which they gradually cooled, have necessa- 
rily modified their chemical and mechanical nature. 

The puzzolanos are principally composed of silica 
and alumina, with a little lime in combination, mixed 
with potash, soda, magnesia, and oxide of iron. The 
iron appears to be in a peculiar state of magnetism ; 
for although in very feeble proportions, it is capable of 
affecting the needle. 
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Berthier gives the following analysis of the puzzolano 
of Civita Vecchia and of the trass of Andernach : — 
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Essays have also been made with the basaltic and 
trass rocks in the same manner as with the puzzolanos, 
and the result has been found to be the same. The 
difficulty of breaking or pounding them, however, is a 
very serious objection to their economical employment. 
Indeed, the manner of action of these various volcanic 
productions is still so much involved in obscurity that 
it is a matter of great doubt whether the lavas are highly 
to be recommended. If the action be principally 
chemical, of course, when well ground, they are likely 
to produce the same effect as their congeners ; although 
all this class of substances vary within very wide limits 
in their chemical composition. If it be merely me- 
chanical, and arise only from their porosity and the 
facility with which they absorb and combine with the 
water, their density is a very serious objection. Vicat 
is of opinion that basalt should be burnt so as to pro- 
duce a vitrification before it is employed. 

Whatever be the cause of the peculiar action of the 
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basaltic rocks, it is evident that the effect produced by 
the mixture of the puzzolanos and trass is eminently 
useful in rendering the richest limes fit for every de- 
scription of works executed in either sea or fresh water. 
Smeaton used them in the Eddystone Lighthouse with 
the blue lias lime. Since then, and previously, even as 
far back as the time of Vitruvius, they had and have 
been employed in conjunction with limes obtained 
from chalk and crystalline limestone with perfect suc- 
cess. The essential difference in these cases is, that 
less is required when hydraulic limes are used, than 
when they are mixed with the rich limes. The latter 
will bear at the same time a large quantity of sand or 
gravel, the former only a very small quantity. The re- 
sults, if the proportions be well regulated, are the 
same; the determination of the sort of lime must, 
therefore, be entirely guided by motives of economy. 

4. The term " slag " is usually applied to the vitrified 
earths which are left in furnaces, either for glass or 
iron, after the purer products are withdrawn. "Scorice" 
are the lighter, more porous, and less perfectly vitrified 
earths, which arise principally from the puddling and 
refining of iron ; the term is also applied to the less 
compact portions of the slag. Cinders are the earthy 
residues from the combustion of woods, peat, coal, or 
other combustibles. 

The slags and scoriae differ very considerably in their 
chemical nature, partly from the constitution of the 
minerals from which they are obtained, partly from the 
different action of the furnaces from whence they are 
produced. They principally consist of silica, with a 
feeble proportion of alumina, lime, magnesia, and very 
large proportions of the oxides of iron and manganese. 
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Hassenfraz and Berth ier give the following analysis of 
these materials — namely, 
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On comparing these results with those obtained from 
the analysis of the puzzolano and trass, we perceive at 
once a very remarkable difference in the proportion of 
the ingredients, as we also find that the scorise and the 
slag differ from one another. The slag, when the fur- 
naces are well managed, contains but little iron ; the 
scorise contain so much that they are at the present 
day almost invariably worked over again in the most 
economically managed iron works, producing, it is true, 
very inferior iron. 

When ground into powder, the scorise and. slags, 
which contain a large proportion of the mineral oxides, 
make very good mortars if mixed with middlingly or 
perfectly hydraulic limes. With the former it is not 
advisable to use them in positions where the mortars 
would be exposed to the action of running water ; with 
the latter they may be used to replace sand, sometimes 
with advantage. 

Coal cinders, according to Weigleb, Dolomieu, and 
Panzerberg, contain usually 44 parts of silica, 17 of 
alumina, 5 of lime, and 34 of oxide of iron. When 
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properly mixed, they appear to render the rich limes 
moderately hydraulic. Great care requires to be exer- 
cised in their manipulation to proportion the quantity 
of water used, for they absorb it with such avidity that, 
unless there be a large quantity present, they abstract 
it from the hydrate of lime, and render the crystalliza- 
tion of the latter imperfect. Workmen characterise 
this action by saying that the lime becomes short ; in 
fact, its coherent powers are much diminished. If, 
however, the necessary precautions be taken, coal 
cinders may be usefully employed for works out of the 
water. 

Wood cinders are often objectionable in consequence 
of the excess of alkali they contain : if this be removed 
by washing, they may occasionally be useful in the 
absence of other materials capable of communicating 
hydraulic properties. Peat ashes have never been tried 
in any scientific manner ; but there does not appear to 
be any reason why they should not be as useful as those 
of wood. 

In page 36 we already noticed the use of the clinkers 
which fall through the fire-bars of the limekilns. Their 
hydraulic properties appear to arise from the mixture of 
the lime in a very minute state with the silicate of alu- 
mina of the cinders. In Belgium they are very largely 
and very successfully used for canal and river works 
under the name of " cendree de Tournay." 

Vicat classes the different materials named and de- 
scribed above still further, according to the energy of 
their action upon the limes with which they are mixed. 
He calls "very energetic" any substance which, after 
being mingled with lime slacked in the usual manner, 
and brought to the consistence of a stiff paste, produces 
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a mortar capable of setting from the first to the third 
day ; of acquiring after the lapse of twelve months a 
degree of hardness equal to that of a good brick ; and of 
giving a dry powder if sawn with a tooth saw after that 
time. 

" Simply energetic/' any substance which will deter- 
mine the setting from the fourth to the eighth day ; and 
which is capable of acquiring after twelve months the 
consistence of a soft stone, and of giving a damp powder 
under the tooth saw. 

"Slightly energetic," when the setting only takes 
place between the tenth and the twentieth day ; the con- 
sistency of hard soap would be acquired after twelve 
months, and the mortar would then clog the tooth saw. 

" Inert," when the materials, if mixed with rich 
limes, exert no influence upon their action under water. 
In all these cases the mortars are to be immersed im- 
mediately. It is, moreover, to be observed that the 
degree of hardness attained is the only invariable cha- 
racteristic, for the time of setting varies very consider- 
ably. 

Having established these differences, Vicat ranges 
the common sands amongst the materials he classifies 
as "inert." The arenes and grauwacke rocks yield 
materials which are but slightly energetic. The puz- 
zolanos, whether natural or artificial, are classed occa- 
sionally as being simply energetic or very energetic, as 
the case may be. Experience, however, shows that 
the artificial puzzolanos should only be ranged in the 
first class. 

These different actions appear to be owing to the 
affinity of the several materials for the lime. Vicat 
found, in fact, that, if treated by acids and by lime 
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water, they were distinguished from one another as 
follows : — the inert materials resisted the action of 
acids, unless when calcareous sand was operated upon, 
and were totally without influence, even upon boiling 
lime water. The slightly energetic materials yielded in 
a trifling degree to the acids, and took up a small pro- 
portion of the lime from the lime water. The ener- 
getic, and very energetic, materials were powerfully 
affected by the acids, and took up a very notable por- 
tion of the lime in solution. 

The same author gives, as the result of forty years' 
experience, the following tables of the materials it is 
advisable to mix together to obtain the best results in 
the respective cases mentioned. He supposes that the 
architect or engineer has under hand the four descrip- 
tions of lime, and the different substances to be mixed 
with them; and that in the first case he desires to 
obtain a mortar capable of attaining a great degree of 
hardness under water, under ground, or in places where 
there is a constant humidity ; in the second case, where 
it is desired to obtain a mortar able to set rapidly in 
the open air, to resist rain, and the changes of the 
weather. He recommends, then, to mix with 

CASE THE FIRST. 



Rich limes. 


Moderately 
hydraulic. 


Hydraulic. 


Eminently 
hydraulic. 


['Hie very ener- 
getic puzzola- 
nos, either na- 
tural or arti- 
ficial. 


The simply ener- 
getic puzzolanos. 

The very energetic 
ditto, mixed with 
half sand or other 
inert matter. 

The energetic are- 
nes, or grauwacke* 
rocks. 


The slightly ener- 
getic puzzolanos. 

Theenergeticditto, 
with half sand or 
inert matters. 

The slightly ener- 
getic arenefi; Ac. 

* 


The inert matters 
such as sand, Ac 
Slag, scoria, Ac. 
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CASE THE SECOND 



• 

Rich lime.. 


Moderately 
hydraulic. 


■ 

Hydraulic. 


Eminently 
hydraulic. 


No ingredient 
can attain 
the object. 


No ingredient can 
perfectly attain 
the object. 

* 


Any description of 
sand ; pounded 
quartz. 

Dust of pounded 
limestone and 
other inert mat- 
ters. 


Any description of 
sand; pounded 
quartz. 

Dust of pounded 
limestone and 
other inert mat- 
ters. 



General Treussart, however, does not agree with 
Vicat in supposing that the chalk, or rather the rich 
limes, cannot be rendered capable of setting by the 
mixture of puzzolanos; and, indeed, the experience *)f 
almost all builders would lead us to believe that Vicat 
has, in this case, been carried away by the love of 
theory. Gauthey, in his work upon the construction 
of bridges, however, seems rather to lean to Vicat's 
opinion. 



CHAPTER VIII. 

ON THE MAKING OF MORTARS. 

The making of mortar comprehends the slacking of 
the lime and the mixture of the ingredients worked up 
with it. As we have already seen, both the former 
process and the nature of the latter differ, according to 
the nature of the lime to be dealt with. It is, however, 
a universal rule, in contradiction to the slovenly prac- 
tice of London builders, that all limes, of what nature 
soever, should be reduced to a paste before being mixed 
with the other ingredients. 
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People who have not studied the action of the hy- 
drates in a scientific and consecutive manner, oppose 
the introduction of the previous manipulation of the 
lime on the score of the extra expense, and on the pre- 
tence that the lime loses in strength thereby. As to 
the objection of the expense, that must of course be 
estimated by the importance of the works. The second 
objection is to be met by observing that the rich limes 
require to be for a long time exposed to the air to en- 
able them to take up the carbonic acid gas ; and that, 
therefore, so far from losing, they gain by exposure ; 
and, moreover, the hydraulic limes being very difficult 
to slack, it is necessary that all their particles should be 
put in contact with the water. If the lime be not pre- 
viously reduced into the state of a perfect hydrate, it is 
always exposed to blister, and to disintegrate, in a man- 
ner depending upon the comminution of its particles 
before being employed: for it is evident that if the 
lime be ground, the more inactive particles are in a 
more favourable condition for the absorption of the 
water. 

The degree of consistence of this paste should vary 
with the nature of the extraneous materials. It should 
be stiff whenever it is intended to form a gange for sub- 
stances whose particles are hard and palpable, and 
which are capable of preserving sensible distances from 
one another. It should be more liquid when the sub- 
stances to be mixed with it are pulverulent, of impal- 
pable and fine grains, presenting an homogeneous 
appearance, and in which it is impossible to distinguish 
the separate elements, such as the puzzolanos, &c. To 
secure a proper state of the hydrate, it is of very great 
importance, however, not to use too much water in 
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slacking the lime. So much should be used, and only 
so much, as is necessary to cause the quick lime to 
fall to powder. It is also equally important not to 
mix up into the state of paste more lime than is irame- 
mediately required to be used ; for although, upon being 
reworked, the hydrates, which had began to solidify, 
give off the water they had rendered latent as it were, 
yet a portion of their force must evidently be lost by 
their doing so in proportion to the degree of advance- 
ment of the process. 

In France, whenever great care is required in the 
fabrication of the mortars, the lime is worked up into 
a paste in a mill, consisting of two vertical stones 
working in a trough. The lime, after going through 
this operation, is then mingled with the sand in a pug- 
mill, or by hand, upon a floor. If the dimensions of 
the construction should be such as to justify the ex- 
pense, it should be made a necessary condition that 
mechanical means be employed, for even with the 
greatest possible care the mixture by hand is never 
perfectly effected. 

The quantities of sand to be used vary, as might be 
expected, according to the nature of the limes, and also 
of the sand itself. Within certain limits, if the limes 
do not gain by the mixture, at least their effect is not 
sensibly diminished. Thus we find that, for the rich 
limes, the resistance is rather increased if the sand 
be in the proportions varying from 50 to 240 per 
cent, of the paste measured in bulk in the state of 
a firm paste. Beyond that point the resistance de- 
creases. 

The resistance of hydraulic limes increases, if the 
sand be mixed in the proportion of 50 to 180 per cent. 
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of the paste; from thence it decreases. The much 
greater proportion of sand the rich limes are able to 
support, may perhaps account for the partiality of 
the builders in their favour. 

If it be required to mix common lime and puzzo- 
lanos, the best proportions, according to General 
Treussart, are 1 of lime in powder to 2-±- of puzzolano; 
1 of lime to 2 of trass ; or 1 of lime to 1 of sand, and 1 
of puzzolano or trass. 

The best hydraulic limes, as we have seen, lose much 
of their qualities if long exposed to the air; it is there- 
fore advisable to work them only for the time absolutely 
necessary to ensure, firstly, their perfect reduction to 
the state of hydrates ; and, secondly, the intimate mix- 
ture of the lime and sand. The rich limes, however, 
as we have before said, inasmuch as they absorb the 
carbonic acid gas with difficulty, gain by being exposed 
for a longer period to the contact of the atmosphere. 
As far as such a proceeding is consistent with economy, 
it is advisable, then, to protract the operation of their 
manipulation as much as possible ; it is even advisable 
to work up large quantities of such mortar beforehand, 
rendering it fit for use by a second manipulation. 

Some of Vicat*s experiments show that all limes lose 
two-fifths of their strength if mixed with too much 
water. It is then better to wet the materials to be 
used, and to employ a stiff" mortar, than to follow the 
course usually adopted by masons and bricklayers of 
using very soft fluid mortar. The system of grouting 
is more than questionable in its results ; the lime sus- 
pended in it is nearly destroyed, the extra quantity of 
water is but an addition to the difficulties of setting 
opposed to the mortar already in place. 
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There are conditions of the atmospheric state which 
affect the goodness of the mortars, about whose action 
the best authorities are not decided. For instance, those 
made in summer are always worse than those made in 
winter. It has been supposed by some that this fact 
is accounted for by the too rapid desiccation of the 
mortar; and Vicat even asserts that they lose four- 
fifths of their strength if allowed to dry very rapidly. 
He recommends, in consequence, that the masonry be 
watered during the summer months, in all construc- 
tions of importance, to guard against this danger. 
Probably the hydrates are not in a favourable condi- 
tion to absorb the carbonic acid gas, if they be allowed 
to dry rapidly ; the presence of the water being neces- 
sary for the combination of the lime and the carbon. 
• The freedom of the water from carbonic acid gas in 
solution is also a necessary condition of the successful 
use of the hydraulic limes. Their success depends, to 
a certain extent, upon the slow, gradual manner in 
which they take up that gas from the atmpsphere, and 
crystallize about the nuclei -offered to their action. 
Some engineers prescribe that the water should be 
deprived of such impurities by boiling, and although 
the precaution be rather exaggerated, it is certainly of 
a useful tendency. 

As the lime reduced into a paste does but fill up the 
voids of the materials it is mixed with, there is neces- ■ 
sarily a very considerable diminution of bulk upon the 
quantities of the respective substances taken sepa- 
rately. The exact amount of this diminution varies, 
of course, with the limes or sand employed ; but as a 
general rule it may be taken at about three-fourths of 
their collective volumes. To state this in a convenient 
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formula ; if a = the bulk of the lime, b = the bulk of 
the sand ; then (a + b) x 0*75 = the bulk of the mortar 
they will produce. 

The position in which a mortar of any description is 
to be used, also modifies the proportions of sand which 
it is desirable to mix with it. Underground, in the 
water, and in damp positions, less sand should be 
employed than in the open air, where it is exposed to 
the changes of the atmosphere. 

It is often a matter of importance to know the power 
of resistance of mortars ; but, as they differ within a 
very large range, it is not easy to state it very pre- 
cisely. The best experiments, however, show that we 
may safely calculate, for all practical purposes, upon a 
resistance of 14tfes. avoirdupois per inch superficial, to 
a force acting in a direction to tear asunder by an effort 
of longitudinal traction; of 42 lbs. to a crushing force; 
and of 5^tbs. per inch superficial to a force tending to 
make the particles slide upon one another. It would 
not be safe to expose new works to greater efforts than 
those which could be included within the above limits. 



CHAPTER IX. 

ON CONCRETES. 

The term u concrete" is usually applied to a species 
of rough masonry of small materials, consisting of 
gravel or broken stone mixed with a lime, either pre- 
viously worked into a mortar or not, as the nature of 
the lime may require. It is principally used for the 
purpose of distributing the weight of a large heavy 
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construction over the greatest surface possible ; or for 
the backing of coursed masonry, in cases where walls 
are required of great thickness. Properly speaking, it 
would be better to apply the word " concrete 93 to this 
sort of masonry, when executed in the manner usually 
adopted in our country, by slacking the lime upon and 
in immediate contact with the gravel. When the lime 
has been previously worked into a paste, the French 
word " beton " might be applied, for the sake of dis- 
tinguishing the two processes. 

The use of this beton, or concrete, is very ancient, 
for it is known to have been employed by the Romans ; 
and Smeaton expressly states that he derived the idea 
of using it, as a backing for river works, from an in- 
spection of the ruins of Corfe Castle, in Dorsetshire. 
In the middle ages it was very commonly used, as may 
be proved by an inspection of the ruins of feudal forti- 
fications. General Pasley was, therefore, mistaken in 
awarding the merit of the introduction of this system 
to Sir Robert Smirke. 

Of course, the quality of a concrete must depend 
upon the nature of the materials to be employed. The 
situations in which it is to be used are mostly those in 
which there is a great amount of humidity, and in which 
from the facts that, firstly, the concrete is in large 
masses ; and secondly, that it is covered up as. soon as 
executed, it is necessary to employ only such materials 
as are susceptible of a rapid setting and continued pro- 
gression in their powers of resistance. In the former 
parts of this treatise, we have seen that the limes which 
unite the above conditions are the hydraulic limes, 
obtained either from the argillaceous, or the magnesio- 
argillaceous, carbonates of limes. In their absence, 
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some ingredients of the nature of the puzzolanos, burnt 
clay, slag, or cinders must be used. But it should 
always be borne in mind, that these mixtures are 
but very imperfect imitations of the natural produc- 
tions ; they should never be used if the hydraulic limes 
can be obtained, even at an increased price ; and, as 
was before said of the hydraulic limes, those obtained 
from the calcination of the limestone itself are prefer- 
able to those made artificially. 

In almost every work upon the art of construction, 
we meet with descriptions of modes of making concrete. 
It is, however, very discouraging to observe that, in 
spite of all that may be said, the majority of architects 
and engineers treat the subject with such utter indif- 
ference that the old imperfect systems are still retained, 
and the conduct of these works is left almost invariably 
to some rule-of-thumb workman, who only knows that 
he has been accustomed to make concrete in a certain 
manner, without knowing any one of the principles 
which regulate the action of the materials he works 
with. We thus find that the greater part of the con- 
crete made in and near London, where the building art 
ought to be the most advanced, is made simply by 
turning over the ground stone lime — a very moderately 
hydraulic one, by the way — amongst the gravel. It is 
then put into barrows, and shot down from a stage. 
Such a mode of proceeding is rapid and economical ; 
but it is eminently unscientific, leading, doubtlessly, to 
the waste of material we so often witness, for the prac- 
tice is to make the concrete about one-third thicker 
than would be at all necessary if the process of making 
it were more perfect. Unfortunately, in England, we 
do everything in such a desperate hurry, especially 
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since railroads have been constructed, that we cannot 
afford the time necessary for a perfect execution of the 
works. Failures are consequently frequent, the waste 
of materials enormous; and, of course, between the 
two, the expense is out of all proportion to what it 
ought to be. 

It cannot be too often repeated that the first condi- 
tion necessary to obtain a good concrete, or beton, is 
that the lime be brought to the state of a perfect hy- 
drate before being mixed with the nucleei which it is 
intended to surround. It should, therefore, be reduced 
to the state of a thick paste, and made into a mortar 
before it is mingled with the gravel. Instead of being 
thrown down from a height, and left to arrange itself 
as it best may, it should be wheeled in on a level, and 
beaten with a rammer ; for we find that, when thrown 
thus from a height, the materials separate, and the bot- 
tom parts of a thick bed of concrete are without their 
proper proportion of lime. The advantage of making 
the lime into a mortar previously is, that it fills in a 
much more perfect manner the intervals of the gravel 
or stones ; and, in fact, renders the concrete what it is 
meant to be, an imperfect species of rubble masonry. 

For water-works required to set rapidly, an excellent 
concrete may be made by a mixture of hydraulic limes, 
puzzolanos, and sand. The proportions found to yield 
the best results are given by Treussart, as follows : viz., 

30 parts of hydraulic lime, very energetic, measured 
in bulk, and before being slacked. 

30 „ of trass of Andernach. • 

30 „ of sand. 

20 „ of gravel. 

40 „ of broken stone, a hard limestone. 
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The above proportions diminished one-fifth in volume 
after manipulation: the mortar was made first, the 
stones and gravel added thereto. When the puzzolano 
of Italy is used, the proportions, for the same descrip- 
tion of work, become (measured in bulk, as before)— 

33 parts of energetic hydraulic lime, measured before 
slacking. 

45 „ of puzzolano. 

22 „ of sand. 

60 „ of broken stone and gravel. 

The first of these concretes should be employed im- 
mediately it is made; the second requires to be ex- 
posed about twelve hours before it is put in place. 

When burnt clay or pounded bricks are used, the 
proportions should be the same as with the trass ; but, 
as we have seen before, the use of this material is not 
to be recommended in the sea water. If rich limes be 
used instead of hydraulic, the dose of the natural or 
artificial puzzolanos must be increased, and that of the 
stone and gravel diminished. 

In positions where sufficient time can be allowed for 
a concrete or beton to set, (if made simply of lime, sand, 
and gravel,) the expense of the puzzolanos should be 
avoided. A very excellent concrete for either sea or 
river works is made by a mixture of a mortar made of 
three parts of fine sand to one of hydraulic lime un- 
slacked, with equal quantities of gravel or broken stone: 
the proportions of the last may often be augmented to 
1^ to 1 of the mortar without inconvenience. No 
water should be mixed with the mortar and gravel dur- 
ing their manipulation; the mortar itself, if possible, 
should be prepared in a pug-mill, and mixed with the 
gravel by being frequently turned over on a platform. 

e2 
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Every precaution should be taken to prevent the dif- 
ferent ingredients from being mingled with clay or 
other earths. 

The concrete thus made should be spread in layers 
from 10 in. to 1 ft. in thickness, and well rammed, 
until the mortar begins to flush up at the top. A 
course once commenced should never be allowed to be 
interrupted until completed throughout the whole of 
its length. When the work is executed in water, other 
precautions require to be taken, not only for the pur- 
pose of compressing the concrete, but also to prevent 
the lime from being washed away. These must, of 
course, vary with the circumstances of each particular 
case ; but we must always remember that works of this 
kind, executed under water, are far inferior to those 
executed in the open air. 

When works are left to the care of mere workmen, 
as they too often are with ourselves, a very absurd 
mode of making concrete is often adopted where there 
is much water to be contended with. The lime is 
mixed with the gravel, without being previously slacked, 
and left to absorb the water necessary for its passing 
to a hydrate how it may. Such a course is unphiloso- 
phical and dangerous in the highest degree, and cannot 
too carefully be guarded against. In fact, the object 
to be attained, of securing a carbonate of lime by the 
equal and regular action of the hydrate, is thereby ren- 
dered impossible. It is much more than probable that 
many of the particles of lime can in these cases only 
obtain the water necessary for their solidification by 
absorption from the others around them. They must 
begin their action after the others have ceased ; and as 
the process of crystallization in all cases requires a new 
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molecular arrangement, often accompanied by an ex- 
pansion, there is little reason to doubt that if the lime 
be in large quantities, it must disintegrate the mass. 

Vicat executed the beton for the bridge of Souillac on 
the Dordogne in the following proportions in volume: — 

26 parts of hydraulic lime in paste. 

39 „ of granitic sand. 

66 „ of gravel. 
This mixture diminished in volume in the proportion 
of 1*31 to 1-00. But the diminution in volume differs 
of course with the limes, or the sands used in the dif- 
ferent localities. 

Broken limestone appears to add very much to the 
qualities of concretes, betons, and mortars. Very pro- 
bably this may be attributed to the affinity between the 
molecules of the already formed carbonate of lime, and 
that which is in process of formation ; the new crystals 
may group themselves more easily about bodies whose 
form is similar to the one they are themselves to as- 
sume. Or possibly there may be a tendency in the 
chemical elements to arrive at a state of equilibrium ; 
and the carbonate of lime may, therefore, be supposed 
to part with a certain portion of its carbonic acid gas. 

Many attempts have been made to produce with con- 
crete a species of artificial blocks— amongst others, by 
Mr. Ranger. These do not appear to have answered 
in practice ; but we may safely assert that, if the mor- 
tars had been properly mixed in the first place, and if 
the concrete, when in the mould, had been properly 
rammed, and then allowed to dry very gradually, there 
is no reason why the attempts to make artificial stone 
should fail. One great cause of failure always has 
been, that the blocks are exposed too soon after fabri- 
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cation. They dry rapidly, unevenly, and consequently 
crack in every possible direction, and thus offer great 
facilities for the action of the frost upon any water they 
may contain. 

The resistance of beton or concrete should never be 
regarded as being superior to those already given for 
limes, if the superstructure be commenced upon them 
immediately. In both cases the resistances are found 
to increase with comparative rapidity during the first 
six or seven months. It would be advisable, therefore, 
to leave concretes undisturbed during that space of 
time if it were possible. 

At Cherbourg Breakwater and at Dover Pier, Port- 
land cement has latterly been largely and successfully 
used for the purpose of making immense artificial 
blocks. At Cherbourg the blocks are constructed upon 
the sheltered side of the Breakwater, with coursed 
rubble stone bedded in a mortar of granitic sand and 
Portland cement, and they are subsequently floated 
upon rafts over the positions where they are to be im- 
merged. At Dover the cement was used to make a 
species of concrete, which was poured into a mould and 
allowed to harden before being placed in the body of 
the masonry in the ordinary way. 



CHAPTER X. 

ON CEMENTS. 

A peculiar class of the argillaceous limestones yields 
on calcination a species of lime capable of setting under 
water with considerable rapidity, of acquiring a great 
degree of hardness within a very short space of time, 
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and of being employed without the admixture of any 
foreign substance. The name of " cements 99 has been 
(somewhat absurdly) conferred in an especial manner 
upon this class of materials, although, properly speak- 
ing, the word is generic, and should include all sub- 
stances capable of cementing together small materials. 

The first discoverer of this kind of cement was Mr. 
Parker, of London, who in the year 1?96 took out a 
patent for the manufacture of what he called Roman 
cement, from the septaria nodules of the London clay 
formation, found in the Island of Sheppy. His process 
consisted in calcining the stone, previously broken into 
small fragments, to a point equal to the commencement 
of vitrification, and then reducing it to powder by some 
mechanical operation. Parker appears to have thought 
that a very high degree of heat was necessary to the 
success of the operation ; but we shall have occasion to 
observe hereafter that the point of calcination has not 
the same influence on these cements which it has upon 
the ordinary limes. 

Subsequently Mr. Frost discovered that the sep- 
taria of Harwich, on the coast of Essex, produced a 
cement of the same nature. Mr. Atkinson introduced 
another made from the nodules of the argillaceous lime- 
stones of the secondary formations of Yorkshire. On 
the coast of France a similar material was found in 
1802, at Boulogne. M. Lacordaire discovered it also 
at Pouilly, in the ancient province of Burgundy; MM. 
Lame and Clayperon found it in Russia. It occurs in 
the Isle of Wight, in the Bay of Weymouth, and doubt- 
lessly is to be met with in all the marl beds intercalated 
between the principal stages of the limestone forma- 
tions, and very frequently in the tertiary clays, in the 
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form of detached nodules, of a dark-coloured argillace- 
ous limestone traversed by veins filled with calcareous 
spar. The colour is sometimes blue, especially when 
the nodules are obtained from the lias; sometimes 
brown, or a deep red, in the tertiary formations, owing 
to the presence of the oxide of iron in very consider- 
able quantities. 

The mineralogical composition of the stones from 
which the cement is made differs very much ; but the 
characteristic type may be said to consist of above 30 
and below 60 per cent, of clay and other extraneous 
matter in combination with the carbonate of lime. The 
Sheppy stone usually contains 55 parts of lime, 38 of 
clay, and 7 of iron ; the Yorkshire stone contains 34 
parts of clay, 62 of carbonate of lime, and 4 per cent, 
of iron ; the Harwich stone contains 47 parts of clay, 
49 of carbonate of lime, and 3 of oxide of iron. But 
the most careful analyses made by Berthier are as fol- 
lows. The stones experimented upon were — column 1, 
the Sheppy stone ; column 2, the septaria of the coast 
near Boulogne; column 3, a stone from Matala in 
Sweden ; column 4, a stone from the neighbourhood of 
Argenteuil, near Paris. 
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The cement stones are burnt in conical kilns with 
running fires, and, in England at least, with coke or 
coal. The mode of burning requires a considerable 
degree of attention, for experience has demonstrated 
that Parker was mistaken in supposing that a com- 
mencement of vitrification was necessary. On the con- 
trary, the practice of manufacturers at the present dav is 
rather to under-bum the cement, with the object of 
economizing the expense of grinding. This material 
differs in this respect also from the ordinary limes, that 
the precise point of calcination does not appear to 
affect its qualities. 

Before being burnt, the stone is of a fine close grain, 
of a peculiar pasty appearance ; the surfaces of fracture 
are rather greasy to the touch, and somewhat warmer 
than the surface of the stone. Examined with the 
microscope it exhibits many sparkling points, which 
may be either crystals of carbonate of lime, or of some 
of the other constituents. It sticks easily to the tongue ; 
it does not strike fire ; its dust, when scraped with the 
point of a knife, is a greyish white for the most part, 
especially when derived from the blue lias formation. 
It effervesces with nitrous acid, and gives off nitrous acid 
gas. During calcination the cement stone loses about 
one-third of its weight, and the colour becomes of a 
brown tinge, differing with the stones from which the 
cement is obtained. When burnt it becomes soft to 
the touch, and leaves upon the fingers a very fine 
dust; and it sticks very decidedly to the tongue. 

When withdrawn from the kiln in blocks, the cement 
absorbs water with so much difficulty that General 
Pasley was almost justified in stating that it could not 
do so. As he remarks, " it might be preserved in this 

e 5 



Digitized by Google 



82 . ON LIMES) CALCAREOUS CEMENTS, 



state for a long time in a dry room; but calcined 
cement being of no use until it is pulverized, this is 
always done at the mill of the manufacturer, to save 
the necessity of every purchaser providing himself with 
an apparatus for grinding it." It is usually put into 
casks well closed when thus ground, and may in that 
state be preserved for a very long time ; but contact 
with the atmosphere rapidly deteriorates its quality* 
The cement powder absorbs humidity and carbonic 
acid gas from the atmosphere; it then passes gra- 
dually into the state of a subcarbonate ; but a second 
burning, carried to a lower degree than that employed 
for the first calcination, restores its useful properties. 

It is to be observed, and the fact is of sufficient im- 
portance to warrant repetition, that though all cements 
and limes tend to reassume a state of carbonization 
similar to that in which they existed in the stones from 
whence they were extracted, they only do so to a very 
imperfect degree. The proverb that lime at a hun- 
dred years is but a child, is perfectly true. Cements, 
on the contrary, harden very rapidly ; but we have no 
instances of their acquiring the strength of the original 
stone. 

M. Petot mentions that, in his experiments upon the 
calcination of the cement stones, he found that when it 
had been carried to the point of driving off all the car- 
bonic acid gas, the powder it gave was perfectly inert. 
This should be borne in mind in making any new expe- 
riments on this class of limestones ; and at any rate it 
constitutes a very remarkable difference between it and 
those which produce the common lime. The same dis- 
tinguished engineer also found that cement mortar was 
capable of being revived after the lapse of a consider- 
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able time. We may remark, in passing, that his 
researches form the best text-book upon the subject of 
the calcination both of limes and cements. 

There does not appear to be any definite rule in the 
London trade respecting the size of the casks, or the na- 
ture of the means by which the cement is transported. 
This is of little importance as long as it is intended to use 
it in the immediate neighbourhood of the source of sup- 
ply. When, however, the cement has to be transported 
to a great distance, it should never be packed in barrels 
of more than 6 cwt. each, and the greatest precautions 
should be adopted to prevent the contact of the atmo- 
sphere in any manner whatever. 

The specific gravity of the natural stone is usually 
about 2*16 ; that of the calcined stone in block is about 
1-58 ; that of the powder, very loosely packed, is about 
0'85 to l'OO. The best cement is, however, that which 
is the lightest, and it should be ground very fine. The 
size of the sieve required to be used by the French en- 
gineers is No. 2 of their wire gauge, and 185 meshes 
to the square of 4 inches of a side; which seems a very 
reasonable dimension. 

The use of these natural cements requires a great 
degree of skill and attention on the part of the work- 
man. If it be not brought to a proper consistence — if 
too much or too little water be used — if it be not imme- 
diately employed as soon as made — it solidifies une- 
qually, cracks, and adheres badly to the materials. 
The care requisite for its successful application con- 
stitutes, in fact, the great objection to the use of 
cement. It is always dangerous to be obliged to rely 
on the skill or integrity of workmen, who either do 
not understand the necessity of taking pains with their 
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work, or who, from being paid by the piece, have an 
interest in slurring it over. 

A small quantity of water only is necessary to work 
up cements to their greatest point of resistance, which 
General Treussart found to be the most successfully 
attained when the water was employed in the propor- 
tion of one-third of the cement in volume. It is 
necessary to beat up the cement very frequently ; in- 
deed, the more it is turned over before the setting com- 
mences, the harder it becomes. No more should be 
prepared than can be immediately employed, for with- 
out this precaution it will set in a very short time. 

The time of setting varies with the nature of the 
water used, and the quantity of sand present. With 
sea- water the time is longer than with fresh, and the 
sand retards the process of setting considerably. 
When the cement is new, however, the time of set- 
ting, if it be used pure, should never exceed half an 
hour, a quarter of an hour being the normal period. 
It often happens, however, that the best cement will 
harden in an interval not exceeding five or six minutes ; 
under water the interval becomes one hour at most. 
When mixed with sand in proportions varying from 4 
to 1, l£, and 2, to 1 of cement, the time of setting 
becomes from 1 h. 2 min. to 1 h. 18 min. in the air; 
under water the time becomes proportionally longer. 
It may even, under sea-water, and if the mixture be 
also made therewith, extend, for the mixtures with 
large proportions of sand, to 24 hours. 

Pure cement has much greater powers of resistance 
than when it is mixed with sand in any proportion 
whatever — in this again differing from the limes. The 
resistance to rupture after about 20 days' exposure to 
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the air, is about 54 lbs. per inch square when the 
cement is used pure ; if the sand be in the proportion 
of 7 to 1 of cement, the same resistance falls to 3 7 lbs. ; 
if it be in equal proportions, it falls to 2 7 lbs. Doubt- 
lessly, these resistances are less than jre often meet 
with, but it is not safe in practice to count upon a 
greater strength than they indicate. Rondelet's rule, 
that the resistance to crushing is three times that offered 
to traction, does not seem to be quite correct in this 
case, for it would make the resistance of pure cement 
only equal to 162 lbs. per inch superficial; but, again, 
it would not be safe to take a higher degree of strength 
as the basis of any series of calculations for practical 
purposes. Moreover, the permanent load in any large 
works should never be more than one-sixth of that 
required to produce rupture ; and, if small materials be 
employed, the resistance should be calculated at only 
one-fifteenth of that indicated by theoretical conclusions 
of the above nature. 

Cement adheres very strongly to iron, to granite, and 
to bricks, in a proportion following an inverse direction 
to the manner in which they have been just named. 
When re-burnt, after having lost its strength by expo- 
sure to the air, the resistance is not more than one- 
fourth of that of the fresh cement from the stone. 

The resistance to an effort tending to make stones 
slide upon their beds when joined by pure cement, 
may be considered equal to 9 lbs. per square inch upon 
the average; but it often arrives at 18lbs. per inch. 

From these considerations, it would appear that the 
best mode of using the natural cements is to employ 
them without sand in all works under water, or where 
a great crushing weight is to be brought upon them at 
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once. For foundations in damp situations, where 
rapidity of execution is desired, they may be mixed 
with 2 parts of sand to 3 of cement; the same 
proportions are suitable for cornices, or coatings ex- 
posed to the weather. 3 parts of sand to 2 of cement 
make a good mixture for perpendicular faces ; but care 
must be taken that the cement be used so as not to 
allow of the formation of fissures, or the frost will 
destroy it. 

Many of the failures of the coatings executed upon 
brickwork are to be attributed to the neglect of pro- 
per precautions against the action of the atmosphere. 
It is important that the brickwork to be covered be 
thoroughly dry before the coating is added, or the 
expansion of the water it contains will blow off the 
latter. The cheap and disgraceful system of colour- 
ing, instead of painting, also leads to many failures in 
the employment of this very useful class of materials. 

In England, owing to the cheapness of the so-called 
Roman cement, whether specifically distinguished as 
Atkinson's, the Medina, or merely called Roman, almost 
all the works executed in water at the present day are 
executed with it. But there are reasons to make us 
doubt whether we do not in this case adopt a system 
which is at least open to objection. Cement is so con- 
venient, that engineers and architects neglect to study 
the qualities of lime ; and some very unfortunate acci- 
dents have arisen from that neglect. For instance ; the 
author has seen, in one of the government dockyards, 
the whole of the backing of a graving dock executed in 
cement, when there were large works in the immediate 
vicinity for the manufacture of the blue lias lime — a 
most shameful waste of the money of the nation. All the 
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profession may recollect a sad accident, which cost the 
lives of several men, and which arose from building 
columns in cement on bases in mortar. With respect 
to these cases we may observe that Roman cement is a 
most admirable material where great rapidity of setting 
is required ; but it should only be used under such cir- 
cumstances, for good hydraulic limes in time attain a 
degree of resistance sufficiently great for all practical 
purposes, and at a much less expense. To use a hard, 
quick-setting material upon a yielding base, is a degree 
of ignorance totally unaccountable on the part of any 
professional man of average discernment. In fine, the 
uses of these cements are many and various; we, in 
our country, are rather inclined to abuse them. 

There are many sorts of artificial cement employed 
which are obtained either from the over-calcination of 
the hydraulic limes (all of them possessing the faculty 
of acquiring a more rapid setting, and a greater degree 
of hardness when so burnt), such as the Portland 
cement before mentioned ; or from the mixture of burnt 
clays with the rich limes. In some parts of the conti- 
nent, where the natural cement stones do not exist, the 
latter are much used, and they yield a very tolerable 
substitute for the articles they replace. They are not 
exposed to the inconvenience which attends the over- 
calcined limes, of swelling in setting ; but they are far 
from attaining the hardness of either the natural ce- 
ments or the overburnt artificial ones. Their use is 
principally confined to a mixture with the slow-setting 
limes when they are employed in damp situations, and 
in these cases they succeed remarkably well. The cess- 
pools and water tanks throughout the interior of Nor- 
mandy are lined with a mortar made in this manner, 
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and they resist perfectly ; but this description of ce- 
ment is never used if the natural cements can be ob- 
tained at a reasonable price. 

It is to be observed, that although the Portland 
cement is occasionally exposed to the before-mentioned 
inconvenience of expanding whilst setting, it has other 
qualities of a very remarkable nature. It becomes, in 
equal times, after the first setting (which, by the way, 
is very irregular), much harder than the Roman cements. 
It will admit of a much larger quantity of sand for every 
purpose ; and, moreover, as it does not absorb the hu- 
midity of the atmosphere with the same facility it con- 
sequently resists the action of frost more successfully, 
and is less exposed to discoloration by the formation 
of vegetation. 

In some parts of France, especially in the ancient 
Lorraine, limestone beds are worked which yield a 
species of lime intermediate between the Roman ce- 
ments and the eminently hydraulic limes. The best 
of these occur at Flavigny, and Richard Menil, near 
Nancy, where they are principally used for making 
floors of one piece, and of a smooth uniform surface. 
The colour of the stone is of a darkish brown, of a great 
tenacity, and very compact ; its specific gravity is 2*62. 
The lime it produces is of a yellowish grey, and it sets 
very rapidly in water. Mixed with the clean gravel of 
the Moselle, in the proportions of 4-f to 1 of cement, 
the volume of the mixture di minishes -one-fourth ; it is 
then spread upon the form prepared to receive it, and 
well beaten. There must be many beds of such lime- 
stone in our own country ; and, if they were properly 
sought for, they might add materially to our facilities 
for building. We require a careful geological survey 
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of England to ascertain the riches we possess of this 
nature. A commencement was made by the parlia- 
mentary commission for the choice of the building 
stones for the Houses of Parliament ; but it did not 
extend its inquiries to the other branches of this very 
important part of practical science. 



CHAPTER XI. 

ON THE VARIOUS CEMENTS COMPOSED OF NUMEROUS 
EXTRANEOUS INGREDIENTS. 

There exists also an infinite number of processes for 
making cements able to harden under water, and to 







1 







of course very various ; nor can it well be otherwise, 
for as all these mixtures depend for their success upon 
the care and skill observed in their manipulation, they 
must be exposed to all the accidents which attend the 
processes of human industry. The following are some 
of the artificial cements alluded to ; but the list might 
be extended indefinitely without including all the 
varieties. 

They may be separated into two grand divisions, the 
bituminous and the oleaginous. Both of the classes 
are of constant use in the arts of building ; and they 
furnish materials of very great importance, either for 
the coating of works for ornamental purposes, or for 
protecting them against the action of water. 

The bituminous cements are used either for the pur- 
pose of supplying the absence of large flagging for 
street paving, or for covering the extrados of arches, 
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in order to prevent the percolation of water from the 
upper structure. In many situations they are very 
successful, when employed for street paving ; but, gene- 
rally speaking, we in England have no occasion for 
such substitutes for stone. Such is not the case in 
France, however; and it might be economical to use 
these cements in some of our own inland towns, where 
the cost of land carriage renders the stone flagging very 
expensive. For covering arches, these cements are, 
moreover, very much to be recommended. In all new 
masonry, with whatever care executed, there are always 
movements which fissure the coatings executed in limes 
or natural cements. These again are subject to unequal 
shrinkage and contractions, which produce crevices; 
and, from these united causes, it is very rare to find 
that such coatings are impermeable. The bituminous 
cements are more elastic; it often happens in their 
case that small crevices solder themselves, so to speak ; 
and, if any serious repairs are required to be done, it is 
much easier to execute them than it is when the works 
are executed with limes. 

The best bituminous cements are obtained from the 
natural asphalt, which is met with in large quantities 
on the shores of the Dead Sea; in Albania; in Trini- 
dad ; at Lobsann and Bekelbronn, in the department 
of the " Bas Rhin ;" in the department of the Puy de 
Ddme ; near Seyssel, in the department of the " Ain f 
at Gaugeac, in that of the Landes ; and would, in all 
probability, be found near Castleton, in Derbyshire, if 
carefully sought for. 

There are two sorts used in commerce, the pure and 
the impure. The first does not contain extraneous 
matter in any great degree; the second contains a 



Digitized by Google 



MORTARS; 8TUCC0S, AND CONCRETES. 91 

variable proportion of carbonate of lime, and is, there- 
fore, better adapted to such works as are exposed to 
the effects of the sun. The purer asphalt melts in such 
positions, but it is better adapted for subterranean 
works. 

The best bitumen, or asphalt, for the words are very 
illogically confounded in commerce, is free from water. 
Its specific gravity is 1*10 to 1*15 at the ordinary tem- 
perature; it is solid, but highly ductile, for it draws 
easily into threads ; its fracture is black, slightly bril- 
liant. Put into warm water, it should float upon the 
surface, and in that operation it should not deposit any 
sand. It dissolves completely in the oil of petroleum 
and the essence of turpentine; and the dissolution, 
which should befm a bistre or dark-brown colour, after 
being filtered, should not be found to have contained 
more than seven per cent, of earthy matters. In com- 
merce, much fraud takes place by mixing coal tar and 
pitch; but these materials, though very valuable by 
themselves, destroy the superior qualities of the mineral 
asphalts. It is also highly important to secure the 
purity of the asphalt from sulphur, or the sulphates of 
iron. Even so small a proportion as 0*5 (or 4) P^ r 
cent, would materially diminish its value. 

When the asphalt is to be used, the solid bitumin- 
ous stone is thrown into a quantity of mineral pitch, in 
a state of ebullition ; for if it were put into the caldron 
alone, it would calcine without melting. If any sand 
or earthy impurities be present, they should be removed 
at this stage of the process. The calcareous matters 
are mixed with the melting bitumen in proportions 
varying with its nature ; and the mixture is applied by 
means of large spatules, or trowels. Colonel Emy found 
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the following proportions to be the best for the asphalt 
of Gaugeac, and they may be taken with tolerable safety, 
as being the most suitable for all the members of this 
class of cements, when used as a coating for arches. 

2-J- pints (wine measure) of pure mineral pitch. 

11 lbs. avoirdupois of Gaugeac bitumen. 

17 pints of powdered stone dust, wood ashes, or 
minion. 

It is advisable to lay this cement upon a bed of con- 
crete, or mortar ; and as much as possible in slabs of 
2 ft. 6 in. to 3 ft. in width. It should be evenly spread 
and compressed by a trowel, well rubbed and reduced 
to a uniform close surface. When all the bubbles have 
been expelled, a fine sand is sprinkled over the surface, 
and worked in with the trowel, observing never t6 fill 
the crevices formed by the air-bubbles with sand, but 
only with asphalt. 

The thickness necessary for coating any arches is 
not more than from three-fifths to half an inch ; the 
quantity of the cement thus employed to cover a yard 
square is about 4£ lbs. 

For street paving, it is absolutely necessary to em- 
ploy under the asphalt a bed of concrete of hydraulic 
lime and gravel; the upper surface being rendered 
smooth by a coating of hydraulic mortar. The thick- 
ness of the asphalt should be increased to three-fifths 
of an inch ; and it is advisable to add a small quantity 
of pure quick lime to the bitumen in ebullition, to pre- 
vent the asphalt from becoming soft under the influ- 
ence of the sun's heat. The surface upon which the 
asphalt is to be employed should be perfectly dry ; and 
it should be applied as hot as possible. All the natural 
asphalts are not of the same quality in so far as their 
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elasticity is concerned. If, therefore, any of them are 
found to be too brittle, that defect should be remedied 
by mixing a quantity of the mineral pitch or petro- 
leum ; but on no account by the mixture of coal tar or 
vegetable pitch. 

The coal tars, or vegetable pitch, although they be 
not so desirable as the natural bitumens for building 
purposes, may in many cases become very valuable 
substitutes for them. They are not so supple, the stone 
. powder to be mingled with them requires to be pre- 
pared with greater care ; and it would appear that they 
are not so durable as the natural productions of a cor- 
responding class. But they make very good coatings 
for vaults, or for walls exposed to the dampness of the 
earth; and many situations occur in which their use 
must be more economical than that of the materials 
they are to replace. For foot pavings, however, they 
do not answer at all. 

The mode of using them is to mix powdered cal- 
careous stone, in variable proportions, with the pitch 
or tar in a state of ebullition. Care must be taken 
that the stone be thoroughly dry ; for if it were wet, 
it would render the cement porous, from the effect of 
the vapour trying to escape. The burning, or degree 
of heat, must also be so regulated that the stone be not 
converted into quick lime, which takes place with com- 
parative facility owing to its highly comminuted state. 
The proportions of powder are from 6 to 7 of the pitch 
in volume, but these require to be ascertained by direct 
experiment in every distinct case. All the other de- 
tails of the use of these cements are precisely the same 
. as in the case of the natural asphalts, excepting that it 
is advisable to use them in greater thicknesses. 
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The cements used for mosaic works are sometimes of 
the bituminous character. As applied on the continent, 
they are of three sorts. The first, which serves to set 
the large tesserae in forming floors, is composed of pitch 
mixed with a black earth ; the second, which serves to 
set stones of middling dimensions, is made of the cal- 
careous stone of Tivoli, and of oil ; it is properly an 
oleaginous cement; the third, which is used for the 
more delicate mosaics of pieces of glass, is made of 
lime, pounded bricks, gum andragan, and the white of 
eggs. The French plumbers unite the glazed pottery 
tubes they employ for the distribution of water, with a 
hot cement made of resin, wax, and lime ; or with a 
cold cement composed of quick lime, cheese, milk, and 
the white of eggs. The list of these mixtures is, as we 
observed before, interminable ; but their use is not of 
sufficient importance to require a detailed notice. 

The oleaginous cements were formerly very much 
used in London under the name of mastic, for the pur- 
pose of the ornamental decorations of the Quadrant, 
and of King William Street in the City. They produce 
a very fine, close-grained, even surface, and if painted 
in the beginning, and repainted every three or four 
years, they retain their beauty for a very long period. 
Their use has, however, very much diminished of late, 
owing to the expense, and the difficulty of the manipu- 
lation. Indeed, there are no reasons which should 
induce us to prefer these materials to the hydraulic 
cements obtained from the septaria, in face of the great 
difference in their prices. 

The best mastics used are known in commerce under 
the names of Hamelin's mastic, in England ; and the 
mastic de Dhil, in France. The composition of both 
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is kept secret ; but the main principle of their fabrica- 
tion consists in the mixture of pounded brickdust or 
well-burnt clay, with litharge, the red protoxide of lead, 
and with perhaps some extraneous matters. As the 
proprietors of these processes object to their being 
rendered public, we content ourselves with calling 
attention to them, and observing, that they are the 
best of this class of artificial cements. Many substi- 
tutes have been invented for them, which have been 
more or less successful ; the following being amongst 
the most remarkable. 

A litharge mastic is made by mingling 93 parts of 
burnt clay, pulverized, with 7 parts of litharge ground 
to a very fine powder. It is mixed up for use with a 
sufficient quantity of very pure linseed oil, to reduce it 
to the consistence of plaster, in a similar state ; it is 
applied like plaster, after the surface has been previ- 
ously wetted with a sponge filled with oil. This mastic 
was invented by the Baron The'nard, and it has answered 
tolerably well. 

At La .Rochelle, the officers of the engineers used, in 
1826, a mastic which very closely resembled the mastic 
de Dhil. 

It was composed of 

14 parts in volume of siliceous sand. 

14 parts of pulverized calcareous stone. 

-rV in weight of litharge (of the united weights of the 
sand and stone), 
of the total weight of linseed oil. 
These powders were previously well dried in an oven, 
for it was found that the affinity of the mixture for the 
oil depended upon the state of desiccation of the mat- 
ters, and upon the commencement of a calcination 
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which appeared to be produced. The mastic thus pro- 
duced was mixed with oil in the usual manner, and the 
surfaces upon which it was applied were previously 
soaked with oil. 

In Paris the military engineers sometimes use a mastic 
of nearly a similar composition, which is made of 6 parts 
in weight of cement, 1 of white lead, 1 of litharge, 3 of 
linseed oil, and £ of a richer oil, perhaps an animal oil. 
At times the cement made from burnt clay is used, at 
others the natural cement ; it has been found also that 
in some positions the white lead might be advantage- 
ously replaced by a similar quantity of puzzolano. 

Vauban recommended a kind of mastic which appears 
to have answered very well for the lining of cisterns 
and such works. He took 5 or 6 parts in volume of 
rich lime, which had been slacked in linseed oil, and he 
mixed these with 2 parts of good cement passed through 
a very fine sieve. The mixture was beaten up for about 
half a day; it was laid aside for a night, and beaten up 
again during half an hour on the next day. It was then 
laid on the work to be covered in coats of from Jth to 
£th of an inch at a time, the joints being first well 
raked out and cleaned. After three or four days, a 
second, and subsequently a third and a fourth coat 
were added, the lower one being well scored to form a 
key to the last one to be applied. This is the simplest, 
and experience has shown it to be one of the best 
methods of making mastic; but we may repeat that 
such compositions are but elaborate modes of supply- 
ing the places of materials which exist already in the 
more convenient form of the natural cements. 
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CHAPTER XII. 

ON PLASTERING. 

The modes of "rendering" the insides of dwellings 
vary in different countries with the materials most com- 
monly found. Wherever the sulphate of lime occurs in 
large quantities, it is the material exclusively employed ; 
when it becomes too dear, a combination of lime with 
sundry other materials is substituted for it ; or cement, 
either natural or artificial, is used. 

The sulphate of lime is met with in large formations 
known under the commercial name of gypsum. It is to 
be found, in England, at Alston, in Cumberland; at Shot- 
over Hill, in Oxfordshire ; and a variety of the fibrous 
gypsum occurs in Derbyshire and in Cheshire. In the 
neighbourhood of Paris, it is met with at Montmartre, 
Belleville, Charonne, Menilmontant, le Mont Val^rien, 
Triel, Meulan, and Vaux. It is worked in the depart- 
ments of the Soane and Loire, of the Rhone, of the 
Marne, the Seine and Oise, and of the Landes ; in the 
Alps and the Lower Pyrenees ; it is also found near 
Marseilles, Grenoble, Mont Blanc, and Mont Cenis; 
in Tuscany, Savoy, Spain, and Switzerland. An anhy- 
drous variety is worked at Bergamo, and Milan, which 
comes from the neighbourhood of Vulpino. In Ger- 
many there are also beds of it largely worked for the 
purpose of dressing the artificial meadows ; and large 
quantities are also extracted for the same purpose in the 
British colonies of North America, which are exported 
principally to the United States. It may be said geo- 
logically to occur either in contemporary strata of great 
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thickness (as near Paris) in the tertiary formations ; or 
in the iridescent marls (les marnes Irishes) of La Meuse, 
or the Aveyron ; or in masses of a subsequent date in 
the different secondary rocks. These last masses are 
constantly in contact with the igneous rocks, and they 
are very frequently associated with the dolomites, rock- 
salt, bitumen, and sulphur in a distinct form. 

The sulphate of lime is insipid, or of a slightly bitter 
flavour ; it is colourless and indecomposable by heat. 
It is soluble in water, whether hot or cold, 1000 parts 
of water at any temperature between 10° and 100° of 
the centigrade scale dissolving 3 parts of plaster. Its 
specific gravity is 2*31 ; it contains in its natural state 
20*9 per cent, of water of crystallization, which is given 
off at a temperature less than 200° of the centigrade 
scale (392° Fahrenheit). 

The gypsum from the best quarries is nearly as hard 
as the calcareous stones ; after its water of crystalliza- 
tion is driven off, it becomes pulverulent and like flour. 
If fresh water be presented to it in this state, it com- 
bines with the normal quantity of water, and reassumes 
the form of a hydrate, which it had lost by the burning, 
crystallizing around the materials presented to it, and 
recovering its original density and strength to a very 
great degree. It is this property which has led to its 
use in buildings : when the plaster is burnt it is de- 
hydrated; when gauged, or worked up, the precise 
quantity of water it had lost is restored to it. 

The plaster is "got" from the quarries (either under- 
ground or open) by picks and wedges ; sometimes with 
gunpowder. The greater number of the quarries round 
Paris are underground ; and at Montmartre, nearly the 
whole hill is thus dug out. The stone is broken up 
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into small blocks, about the size necessary for rubble 
masonry, before being carried to the kilns. 

The burning of the plaster stone at Paris, and 
throughout the continent, is managed in a very slovenly 
way. The kilns consist simply of three sides of a 
square enclosed by brick walls, covered with a rough 
tiled roof, in which spaces are left to allow the escape 
of the steam. Under this sort of shed (for that is a 
more correct name than that of a kiln), the plaster is 
arranged by constructing, firstly, a series of vaults of 
the largest stones, filling in the haunches as the arches 
are carried up. Upon these the remaining stones are 
piled, paying attention only to the fact that the larger 
ones should be near the fireplace formed by the vaults. 
These are subsequently filled with faggots, or other 
firewood, which is then lighted. The flames rise through 
the spaces left in the stones; they ascend gradually 
through the mass, and distribute, as equally as may be, 
the heat in their passage. 

The time of burning necessarily depends upon the 
quantity operated upon at once; but care must be 
taken that it be not continued so long as to over-cal- 
cine the particles in immediate contact with the fire. 
As was before said, a degree of heat equal to 200° of the 
centigrade scale is sufficient to drive off the water ; if 
exposed to a greater heat, the sulphate of lime appears to 
lose its power of combining with the water necessary for 
the process of reassuming the form of a hydrous sulphate. 
The system of calcination adopted abroad, as might na- 
turally be expected, leads to a great waste of raw material, 
owing to the very slovenly way in which it is executed. 
As much as one-fifth is wasted in many of the kilns. 

Some of the London manufacturers adopt a mode of 
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preparing the plaster, which obviates not only this in- 
convenience, but also that attending the use of coal, 
which discolours the plaster very much. It consists of 
a kiln so arranged that the fuel is never in immediate 
contact with the stone ; but the chimney from the fire- 
place passes round and round the kiln, and communi- 
cates its heat during the whole of its passage, rendering 
the interior, in fact, an oven. The plaster in this case is 
burnt continuously. 

A system has also been proposed lately in France 
which appears theoretically superior even to this pro- 
cess. It is founded on the fact that steam at a verv 
great degree of heat becomes a gas, very greedy of 
water, and able to absorb it from any body it may be 
put into contact with. A jet of steam, heated above 
400° Fahrenheit, is in this system projected upon 
the plaster stone, which has been broken very small 
comparatively ; it takes up immediately all the water 
present, and leaves the plaster in the state of a pure 
anhydrous sulphate of lime, without waste or discolora- 
tion. The difficulty of this process lies in making the 
chamber in which it is carried on, and all the machinery, 
sufficiently strong to resist the action of so very elastic 
a gas as steam at that temperature. But the problem 
has been solved for the drying of gunpowder by a similar 
use of very high-pressure steam ; there can, then, be no 
insuperable difficulty in the case of the plaster. 

The stone which yields the best description of plaster, 
without any exception, is that found near Paris. Gene- 
rally speaking, its superior hardness, and rapidity of 
setting, are attributed to the presence of a small quantity 
of carbonate of lime, which is supposed to be converted 
into a pure lime by calcination. But, as Guy Lussac 
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observed, this cannot be the real explanation, for the 
degree of calcination of the plaster is never sufficiently 
high to affect the carbonate. The degree of hardness 
of the plaster must then depend entirely upon that of 
the stone from whence it is obtained; and we generally 
find, in fact, that such is the case — the hardest stones 
produce the hardest plaster. 

A simple manner of ascertaining the quality of a 
plaster stone is to put into a vase a certain quantity of 
it in a state of powder, and to pour thereon one half in 
volume of nitric acid, diluted in three times its own 
weight of water. This is allowed to repose, and after 
several hours, the liquid is to be decanted very gently. 
The deposit is to be washed with pure water several 
times, being allowed to rest between each of the opera- 
tions. As soon as the water is pure and tasteless, the 
mixture or deposit is to be taken out, spread upon a 
sheet of paper, and dried. Weighed in this state, the 
loss it has sustained represents the quantity of carbonate 
of lime present in the stone submitted to the analysis. 

After the calcination, the plaster is reduced to powder, 
either by hand or in a mill ; in this state it absorbs the 
humidity of the atmosphere with greaj; avidity, and re- 
quires to be covered up very carefully, directly it is 
crushed, to secure it from contact therewith. There is 
also, from this same reason, a considerable danger in 
transporting plaster in its manufactured state for any 
great distance. 

When mixed with water, a species of confused crys- 
tallization takes place, and the water in combining with 
the plaster gives off a considerable portion of its latent 
heat. An augmentation of volume takes place, which 
is supposed to be owing to the efforts of the crystals to 
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arrange themselves symmetrically. Unless great atten- 
tion be paid to this action of the plaster, it is likely to 
compromise seriously the solidity of the work. Some- 
times it is obviated by mingling with the plaster sub- 
stances which may allow the movement of the crystals 
to take place, without affecting the colour of the mass. 

Plaster is far from having permanently the tenacity of 
mortar, which property in the latter, unlike plaster, as it 
is well known, increases with time. Rondelet found 
that if two bricks were joined together by means of this 
material, they united with one-third more force in the 
commencement than if they had been joined with lime; 
but that they subsequently lost their force of adherence. 
A very useful application of plaster was made by Smea- 
ton in the construction of the Eddystone Lighthouse, 
where he covered the fresh cement joints with it, to give 
them the time necessary to harden. 

In England, where plaster is both bad and expensive, 
its use is confined to the more costly descriptions of 
decoration. In France, however, it is largely used for 
the construction of walls, both internal and external, 
as well as for rendering them afterwards. If proper 
precautions be taken to cover the surfaces exposed to 
the weather, and if it be painted as soon as dry, the 
plaster is eminently useful in such positions ; and re- 
places very advantageously the natural cements for all 
common purposes. But it is utterly incapable of resist- 
ing the action of water. 

As the proprietors of the French quarries of gypsum 
have recently made vigorous efforts to introduce that 
material into our country, and as from its superior qua- 
lities it will eventually force itself into general use, if 
burnt near the place of consumption, some instructions 
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are added as to the manner of employing it which is 
generally adopted in Paris and the environs. 

The coarser kinds of plaster are used for the ordinary 
works, such as the rendering of walls and partitions ; 
the finer qualities are reserved for the ceilings, cornices, 
and other decorative works. A difference is to be ob- 
served in the quantity of water to be mixed, according 
to the position and nature of the work to be executed. 
Thus, for walls, the plaster must be gauged stiff for the 
first coats, and more fluid for the setting coat. For 
cornices worked out in the solid, the core is made of 
stiffly gauged plaster, which is floated with finer mate- 
rial, and lastly finished off with plaster laid on by hand 
about the consistence of cream. Practice only can 
ascertain the precise degree of stiffness to be given, 
especially as every burning yields a different quality. 

When walls are to be rendered in plaster, they 
require to be first jointed, and then wetted with a 
broom. The surface is then covered with a coat of thinly 
gauged stuff laid on with a broom, or at least worked 
with the trowel in such a manner as to leave sufficient 
hold for the next coat. This is gauged stiff, and is laid 
on with the trowel ; it is floated with a rule, but the 
face is finished with a hand trowel. Owing to this, and 
to the fact that the plaster sets too rapidly to allow of 
great pains being taken with the floating, the surfaces 
are never so even, nor are the angles so square and true, 
as with the common system adopted in England. But 
this mathematical nicety is not really of importance in 
ordinary works, whilst the rapidity with which the 
plaster dries constitutes a real and very important re- 
commendation in its favour. 

The partitions in Paris are generally made solid, so 
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as to prevent sound from passing through them. They 
are executed with quarters of oak or of fir, according to 
the nature of the building. Upon the quarters, laths 
are nailed every 4 in. apart, and the interior is filled in 
with plaster rubble. This is made even and flush with 
the laths, and the whole is then rendered like an ordi- 
nary wall. 

The ceilings are sometimes executed with close laths, 
but the usual plan is to nail them about 3 to 3$ in. 
from centre to centre. A sort of flat centering is put 
under them, and what are called "augets" are then 
formed between in plaster, which finish about flush with 
the under side of the laths, and return up the joists to 
nearly their total height, forming a sort of channel, 
which the workmen often finish by drawing a bottle 
along the sides. The minimum thickness in this case 
should be about 1 inch ; the ceiling itself is added un- 
derneath ; the floors are either of wood, or of tiles upon 
a bed of plaster formed above the joists. The better 
description of such floors and ceilings are often made, 
however, with laths spaced 4" from centre to centre ; 
the space between ceiling and floor is then filled up 
with light plaster rubble, and the upper and under sur- 
faces are rendered to receive the ceiling and the tiles. 
Ceilings executed in either of these two last-named 
manners, cost 1£ tiiie those executed either with laths 
or flat " augets." 

In countries like our own, and in Belgium and the 
French Flanders, where the price of plaster is very 
high, it is replaced by the use of a mixture of lime and 
sand, to which cows* or calves' hair is added. This 
mixture is then applied upon close lathing for ceilings 
and partitions, and in the usual manner upon walls. 
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The lime generally used for this purpose is the chalk 
lime, which is slacked with a great deal of water, and 
runs from an upper basin in the state of a cream into a 
lower one, where the excess of water is allowed to 
evaporate. A grating should be placed at the entry of 
the passage between the two basins, to keep back the 
core, or any unslacked particles the upper one might 
contain. The lime run in this manner is made into a 
mortar with a very fine sand, and the hair is then added. 
For the first coats coarse hair will be most desirable 5 
for the finishing coats it should be finer. 

In well-finished works two coats are given, which 
are distinguished by the names of the " rendering" and 
the " floating." A third coat is then added called the 
setting coat, which is made of the pure lime as it is 
run from the basin. Ceilings are afterwards covered 
with a very light coat of plaster, gauged thin, and laid 
on with a trowel. Such plastering is very cheap ; and 
if proper attention be paid to its execution so as to 
avoid blisters from the use of unslacked lime ; to fill 
the cracks which frequently take place in the thicker 
coats, from the unequal contraction of the lime in 
setting; and to allow a proper interval for the whole 
plastering to dry before the painting, or subsequent 
decoration to be added, is applied ; the lime and hair 
may be safely admitted as a substitute for the natural 
plaster. The greater rapidity with which the latter 
dries, the much superior manner in which it takes 
colour, and the degree of hardness it attains, will, how- 
ever, secure it the preference, unless very weighty con- 
siderations of economy oppose its employment. 

One great use of the sulphate of lime dehydrized, or 
of the common plaster, is for the purpose of top-dres- 
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sing upon the lucerne, trefoil, sanfoin, and other artifi- 
cial grasses. This method of using it prevails to a very 
great extent throughout France and the United States; 
but it is comparatively unknown in England. Some 
experiments appear to have been already made, but 
with the English plaster stone in its unburnt state. 
They did not succeed; it may be owing to the difference 
of the two stones, or because, as the raw gypsum was 
used, in so very wet a climate as ours, its useful action 
was too rapidly exhausted. It would also appear that 
the gypsum was used as a manure (for which purpose 
it is comparatively valueless) instead of being simply 
employed as a top-dressing. In the north-west of 
France the farmers use the plaster in equal quantities 
with the seed sown, or 4 cwt. per acre. It is sprinkled 
gently over the grass crops, and the best time for em- 
ploying it is immediately before a shower of rain. This 
dressing requires to be renewed every year, and conse- 
quently is rather expensive ; but the results it produces 
are startling, so great is the difference in the weight of 
the grass crops. The objection on the score of expense 
ought now to be obviated ; for with the facilities offered 
by the French Railway Companies, the plaster stone 
could be obtained in England at a sufficiently low rate 
to enable manufacturers to supply the plaster itself at a 
price which would bring it within the reach of farmers. 

The London manufacturers appear to have been run- 
ning a race lately in bringing out new combinations of 
plaster, the result of which only appears to be, that they 
obtain artificially and expensively what would be nearly 
as well obtained by the use of the French plaster stone. 
Amongst the best of these inventions is, without excep- 
tion, the Keene's cement, which is capable of being 
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worked to a very hard and beautiful surface, so hard, 
indeed, as to be well adapted for floors or skirtings. It is 
obtained by soaking the plaster in alum water after a 
first calcination ; it is then put a second time into the 
kiln, reburnt, and ground. The Keene's cement is, in 
fact, a very beautiful plaster. Why the name of cement 
should be given is, however, a mystery, unless we 
explain it on the ground that the manufacturers wish to 
keep up their charter of applying names without rhyme 
or reason. 

The Parian cement is also composed of a plaster 
base, the gypsum being mixed with borax (the borate of 
soda) in powder, and the mixture is calcined, and is 
subsequently ground. The result is a very beautiful 
material ; but it is liable to the same objection as the 
Keene's cement, namely, the expense. 

There are numerous other mixtures of the same 
nature in which the plaster is mixed with one or more 
of the salts. They can hardly be yet considered as 
inventions which have fallen into the domain of publi- 
city; any detailed description might, therefore, be 
considered as an interference with the rights of the 
proprietors. 



CHAPTER XIIL 

ON STUCCOS. 

The name "stucco" is given to a species of plastering 
which is subsequently worked to resemble marble. It 
is generally made of lime mixed with calcareous powder, 
chalk, plaster, and different other substances, in such a 
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manner as to obtain in a short time a solid surface, 
which may be coloured, painted, and polished with 
sufficient perfection to allow of its being used instead 
of the more precious marbles. It is employed in archi- 
tecture to cover columns, pilasters, walls, plinths; to 
form mouldings, bas-reliefs, and other analogous objects 
of decoration. 

Stucco is also sometimes used to protect exterior 
surfaces exposed to the air or to humidity; but in 
this case such materials only should be used as are 
capable of resisting the action of water. As the mate- 
rials for making stuccos do not exist everywhere in the 
same manner, their composition must differ in every 
locality. The principal object is to obtain a material 
which is capable of acquiring a great degree of hardness, 
and which is able to receive a polish. To obtain these 
results, one of the most important conditions is, that 
the different ingredients be reduced to the greatest pos- 
sible degree of fineness, and that they possess the 
power of rapidly solidifying. 

There are two species of stuccos: those made of limes, 
and those made of plaster. Of the former it is evident 
that the best must be those which are classed under the 
name of cements; but their disagreeable colour prevents 
their being used, at least for ornamental decoration. 
They serve, however, to form the foundations on which 
the more elegant preparations are applied, whenever 
any danger is to be feared from humidity. 

The Italians usually execute their stuccos in three 
coats ; the first is a very coarse one, and forms merely 
what we would call the "rendering." The materials of 
the second are much finer, and they contain a larger pro- 
portion of lime ; the surface being thus brought up to a 
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very even, close grain. The last coat of stucco is made 
of rich lime which has been slacked, and run through a 
very fine sieve, and is usually allowed to stand from 
four to five months before being used, in order that 
every particle of it may be reduced to a hydrate. If the 
lime cannot be kept for so great a length of time, the 
slacking may be perfected by beating it up very fre- 
quently. When great perfection is required, it is usual 
to mingle pounded white Carrara marble, or even gyp- 
sum or alabaster ; but the latter are only used in situa- 
tions which are entirely protected from the action of 
the atmosphere. The powdered marble and the lime in 
the form of a very damp paste are mixed, in equal 
quantities, until the whole is perfectly homogeneous. 
Vitruvius even recommends that the trituration with a 
trowel be continued, so long as any portion of the mix- 
ture adheres to the iron, before it be applied. This 
preparation is then laid very carefully upon the even 
surface of the second coat of plaster, and well worked 
with the trowel until the face becomes perfectly 
polished. It forms a very good imitation of marble of 
a uniform colour. 

The different colours are obtained by mixing with the 
lime such metallic oxides as the case may require ; thus, 
to obtain blues, two measures of marble powder, one of 
lime, and a half measure of the oxide, or even the car- 
bonate of copper, are mixed together. 

To obtain greens, a quantity of the green enamel is 
used with a larger proportion of marble powder ; but 
the mixture is worked up with lime water. Pearl greys 
are made by mingling ashes with the marble. Browns, 
by mingling ashes and cement in proportions varying 
with the tones desired to be obtained. Blacks are 
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made by using forge ashes containing numerous par- 
ticles of iron. Calcined ochres are used to make the 
reds, as is also litharge, or the red oxide of lead ; the 
yellow oxide of lead serves to give that colour. The 
mixtures thus obtained are subsequently laid on in 
patches ; and the excellence of the work consists in the 
taste with which they arc employed to imitate the 
effects of the natural marbles, so as to give either the 
blending or the distinct opposition of colours to be met 
with therein. 

When plaster is used instead of lime, it is gauged 
with lukewarm water in which size has been dissolved, 
or fish glue, or gum arabic, in order to fill up the pores, 
to give it more consistence, and to render it sus- 
ceptible of receiving a better polish. This kind of 
stucco is the one more especially employed when it is 
required to produce details of great delicacy and per- 
fection. If it be required to produce divers tints with 
this material, the colours should be dissolved in the 
size water before it is used fpr gauging the plaster. 

The polishing should never be commenced until the 
whole of the stucco is perfectly dry. To hasten the 
desiccation a linen may be applied frequently to the 
face to absorb the moisture which may have worked 
through ; but no friction should be allowed until the 
whole is perfectly dry. The surface is then rubbed 
with a very fine-grained grit stone, washing and clean- 
ing it with a sponge in the same manner as a real 
marble; it is then rubbed with a linen containing 
moistened tripoli powder and chalk ; and the whole i$ 
finished by a rubber of felt imbibed with oil and verj 
fine tripoli powder, which is quite at the end changet 
for a rubber containing nothing but oil. The thicknes; 
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of the coat of stucco varies from between one-sixth to 
one-eighth of an inch, for internal works. 

Scagliola is made by a process of a similar nature to 
the one thus executed, with perhaps some slight differ- 
ences in the manner of setting up and drying the coat 
of plastering which forms its base. There are a greater 
number of small pieces, splinters, "scagliole" of marble 
in the best descriptions of this work, and it is from 
them that the process derives its name. 

MM. Darcet and Thenard applied to the interior of 
the dome of the Pantheon in Paris an encaustic, for the 
purpose of rendering the stone fit to receive the paint- 
ings executed by M. Gros, which answered remarkably 
well for the plaster under similar circumstances. The 
surfaces to be covered were firstly dried by large bra- 
ziers for the purpose of driving out the moisture in the 
stone, and removing all the air contained in the parts 
exposed to the heat, so that the stone might be ren- 
dered more absorbent, and that the encaustic might 
penetrate further into it. A mixture of 1 part of yellow 
wax, and 3 parts of oil, in which -j^th °f tne whole 
weight of litharge had been mixed before melting, was 
then applied at a temperature of 212° Fahr. It was 
laid on with a brush, in frequent coats, until in fact the 
stone was so thoroughly impregnated with it that it 
could absorb no more. The pictures above-mentioned 
have resisted very well for more than twenty years in 
an exposed position. 

Should the above mixture be too expensive, another, 
consisting of 1 part of oil, containing -^th of its weight 
of litharge, and of 2 or 3 parts of rosin, may be substi- 
tuted. This mixture should be allowed to cool, and be 
remelted before it is applied ; the walls being previously 
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well dried, and the encaustic laid on in five or six coats. 
Plastering which has been thus treated becomes suffi- 
ciently hard to resist the nail in a very short time ; and 
it is effectually protected against any changes of the 
atmosphere. The action of these oleaginous substances 
is merely to fill the pores of the plaster, and thus to 
prevent the action of the moisture. They do not appear 
to enter into any chemical combination. 



CHAPTER XIV. 

ON THE SALTPETREINO OF LIMES, CEMENTS, 

AND PLASTERS. 

A very interesting — and at present, unfortunately, a 
very little understood — class of phenomena takes place 
when the materials we have considered are exposed to 
certain conditions. We find that in damp positions, in 
new works, walls are often covered with a crystalline 
substance of a white fleecy appearance, and of a slightly 
acid flavour, which works its way through any ordinary 
coat of paint; and) as it absorbs the humidity of the 
atmosphere in efflorescing, it renders the walls damp on 
the surface, and carries off the paint in large patches. 
This process is called by workmen saltpetreing, and is 
in fact the production of saltpetre from the materials 
employed in the construction of the walls. The very 
disagreeable effect it produces upon decorations, either 
internal or external, renders the research of its cause 
extremely interesting to the architect or the builder; 
moreover, its action upon the durability of stone is 
such, that the study of this singular chemical pheno- 
menon interests the engineer to an equal extent. 
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Saltpetre is, properly speaking, a nitrate of potassa ; 
but, although it is regarded as the sole cause of the ap- 
pearances we now examine, it is far from being the 
only substance produced in the particular instances; 
for the nitrate of soda and the chloride of potassium 
are often to be met with in connection with the saltpetre 
itself. 

Very few chemists appear to pay attention to the fact 
that nearly all limestones contain a certain quantity of 
soda and potassa ; or at least in the analyses we meet 
with in chemical works no mention is made of their 
presence. General Treussart was, perhaps, the first to 
publish any hint upon the subject, when he stated that 
the artificial cements differed from those obtained from 
the septaria nodules, inasmuch as the latter contained 
a small dose of one or the other of those metallic oxides. 
But his discovery appears to have led no further than 
to securing a better method of making the articles he 
sought, and its influence upon the solution of the ques- 
tion before us was quite neglected. 

The ancient chemists believed that the production of 
the saltpetre was to be explained by the combination 
of the nitrogen present in the walls (arising from a pre- 
vious combination of the oxygen of the atmosphere 
with the azote supplied by the decomposition of the 
animal matters contained in the building materials) 
with the metallic oxides they might contain. This 
theory remained unquestioned until M. Longchamp 
proposed another by which he sought the explanation 
of the phenomenon of the production of the nitrogen, 
by supposing that the carbonates of lime and of mag- 
nesia, taken in a proper degree of comminution, and 
jproperly wetted, could absorb air, condense it, and 
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transform it into nitric acid in the course of time ; or 
rather bring it to that state, after condensation, which 
would cause it to enter into combination with the lime 
and magnesia, giving rise to the formation of the nitrates 
of those two substances, and so much the more readily 
enable it to combine with the potassium, especially if 
it were present in the form of a carbonate. 

Under all circumstances, the presence of powerful 
bases, such as the chalk and magnesia, or the potas- 
sium, appears to be necessary, and they require to be 
in a highly comminuted state. Lime in the form of 
chalk, or a highly porous limestone, is favourable to 
the action of the nitrogen. Marbles, and the densest 
class of limestones, nitrify with great difficulty, hardly 
at all; and the limes made from them enjoy a corre- 
sponding immunity from this inconvenience. Thouve- 
nel appears to believe that these bases only nitrify when 
in the state of carbonates ; but the extraordinary facility 
with which the sulphates of lime give rise to the forma- 
tion of the saltpetre is not of a nature to persuade us 
of the universality of the law. And, indeed, there are 
some cases to be noticed hereafter, in which it would 
appear that, so far from its being necessary that the 
lime be a carbonate, the nitrification ceases when it be- 
comes so in an eminent degree, or is at least much 
retarded. 

Whichever theory we adopt to account for the pre- 
sence of the nitrogen, there appear to be certain con- 
ditions which facilitate the production of the saltpetre. 
Firstly, a degree of humidity, about equal to that of 
garden earth, is very favourable to it. At 32° of Fah- 
renheit, the nitrification does not take place ; between 
60° and 70° it is the most abundant. In Sweden, light 
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is considered rather to retard it, and an exposition to- 
wards the north is always sought for; but that does 
not appear so much to be owing to the absence of 
strong sunshine, as to the evaporating effects of the 
north winds, which are eagerly desired in the artificial 
nitre factories. Light, in fact, would rather appear to 
be without influence in its action than otherwise. The 
most favourable conditions for the formation of the nitre, 
indeed, are united in cellars, and other underground 
constructions ; and it was from them that the French 
chemists, during the war, extracted the saltpetre neces- 
sary for their gunpowder manufactures ; especially from 
the demolition of cellars executed with plaster instead 
of mortar. The richest of these materials contain some- 
times as much as from 5 to 7 per cent, of saltpetre. 

The nitrification takes place very freely when sea 
water and sea sand have been used, so much as to 
render them totally unfit for works requiring any per- 
fection of execution. Dumas asserts that there is a 
very considerable quantity of nitre in the sea salt; if 
so, it may explain the injurious action of the sea water. 
Brande, it is true, does not mention nitre as being pre- 
sent in the sea salt; but he states that the earthy 
muriates are so in the proportions of between 5 and 28 
per thousand, the sulphates between 6 and 32£ per 
thousand. The efflorescence upon works executed with 
sea water is, however, very distinctly and decidedly a 
nitrate of soda; and, as it occurs in much greater 
abundance wherever it is used, notwithstanding Brande's 
silence, we may safely assume, that some portion at 
least of the nitre is furnished by it. 

It seems hardly reasonable, in fact, to attribute the 
presence of the nitre entirely to the decomposition of 
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the animal matters contained in the building materials. 
These in many cases are submitted at times to such a 
degree of heat as would arrest the process of decom- 
position ; but, in the case of bricks, we find the nitrifi- 
cation to take place almost immediately upon their 
being exposed to the air. It is difficult, also, to explain 
in this manner the constant formation of new crystals 
of the nitrate of potassa, which goes on in the caves of 
Ceylon, and of La Roche Guyon, in France. In the 
artificial nitre works, it is true that the nitre is obtained 
by mixing calcareous earths with decaying animal matter; 
but the latter requires to be present in such large pro- 
portions, that we hesitate before we can receive it as 
being the only source from whence the materials used 
in building derive the quantities necessary. We are 
' forced to seek the explanation of the phenomenon in 
the action of the chemical bases upon the constituent 
elements of the atmosphere. It is known, says Dumas, 
that the azote and the oxygen combine together under 
the form of nitric acid, by the aid of the electric fluid, 
and under the influence of water. The presence of 
such energetic bases as lime and magnesia may, per- 
haps, be equivalent to that of the electricity ; especially 
as the porosity of the materials enables them to act 
upon smaller quantities at a time. 

The practical bearings of this interesting chemical 
question, upon the professions of the engineer and 
architect, are as follows : — 

Firstly. Sea water, or sea sand, should never be used 
in making up mortar, or plaster, which is likely to re- 
quire painting, or any sort of decoration, such as paper- 
ing, stuccoing, &c. For outside works, the use of sea 
sand which has been well washed in fresh water, and 
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exposed for at least six months, may be admitted, but 
it is still likely to cause a nitrification ; and as the con- 
ditions of temperature internally are more favourable 
to that action than externally, it is most likely to mani- 
fest itself in that direction. There is always a danger * 
attending the use of sea sand ; if it can be replaced, it 
should therefore be so, even at an increased expense. 

For such works as sea walls, lock chambers, quay 
walls, &c, it is not of so much importance that the 
nitrification be avoided, provided always that the stones 
used be of such a nature as to resist the destructive 
tendency of the process. Many of the oolites are not 
so able to resist, such as the Portland stone, the Caen, 
and the Bath stone. They should not, then, either be 
used in conjunction with mortar made with either sea 
sand or sea water ; nor should they, in any case, be 
exposed to the latter. The purer crystalline lime- 
stones, and the granites, resist this cause of chemical 
decomposition much better, and should be employed in 
such positions in preference. It is, however, to be ob- 
served that there are some kinds of oolite, such as the 
Ranville stone, near Caen, the Roach beds of the Port- 
land, which are as little affected by the sea water as the 
stones just mentioned. 

Secondly. When it is absolutely necessary to use 
such materials as we know to be exposed to the incon- 
venience of nitrification, it is advisable to take early 
precautions with the view of preventing the action of 
the atmosphere upon the chemical ingredients. We 
see that in whatever manner the bases absorb the nitro- 
gen, whether from the decomposition of the animal 
matter, or from the condensation of the gases, that the 
absorption could not take place unless the atmosphere 
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were in contact with the internal structure. If, then, 
we protect the interior in some manner by a coat of 
paint, or an encaustic, for instance, we shall probably 
stop the action of the nitrification. It is thus, doubt- 
lessly, that we may account for the fact that if the 
Roman cement be painted as soon as it is dry, it does 
not assume the action in question ; but if it be left for 
any length of time unpainted, it becomes useless to 
attempt to execute such work. The atmosphere has 
entered the pores of the cement ; the nitrates will cause 
any coat of paint to fall off. 

Such a precaution can, however, only be successful 
when the body of the work is not of a nature to furnish 
its own nitrogen, if such an expression be allowable ; or 
when it is in such positions, and of such dimensions, as 
not to derive it from any other quarter. If, for instance, 
a wall be built of bricks made from the alluvial mud of 
the embouchures of rivers, no precautions can prevent 
the saltpetre from forming. Engineers or architects, 
then, who have any decorative works to execute in 
places where such materials only are used, must detach 
them from the walls. If the wall be thin and the coat 
of encaustic penetrate very deeply into the plastering, 
it may happen that the saltpetreing may take place 
entirely on the outside ; but this is a mere chance, that 
is to say, it is an action we can neither explain nor 
control ; one, therefore, no prudent man would calculate 
upon. In very thick walls we often find that the salt- 
petreing does not take place on both sides, only on the 
weather (or exposed) side. Possibly this may be ex- 
plained by supposing that the limes in the interior 
have had time to become more perfect carbonates be- 
fore the air can have found its way through the pores. 
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But if the process once begin with such thick walls it 
never leaves off, at least within any reasonable time. 

The workmen in London have a practice which may 
some day serve as a guide to more scientific examina- 
tions upon the subject. It consists, whenever they use 
Portland stone in elevation, in covering it with a wash 
made of pounded stone-dust and sand, which is rubbed 
off upon cleaning down the work. This very simple 
precaution serves temporarily to protect the stone 
against the formation of the saltpetre. But it is to be 
observed that the precaution alluded to is not effectual 
to stop the process of the saltpetreing, otherwise than 
temporarily, although it diminishes its force afterwards. 
The process is resumed, but in a weaker degree, as 
soon as the coating is removed. The most reasonable 
mode of accounting for the action of this wash is by 
supposing that it affords a protection to the stone, by 
closing up its pores, during the time it is passing from 
the state of a subcarbonate to a perfect carbonate of 
lime, or from a protocarbonate to a percarbonate ; for 
a very distinct change takes place in the chemical nature 
of limestones of every description upon exposure. 

These precautions are unfortunately very doubtful in 
their results ; at every moment we are exposed to see 
the materials which contain soda and potassa take up 
the action of saltpetreing. Many noble frescos have 
perished in this manner ; many of the finest buildings 
have been ruined by the decomposition it superinduces 
in the stones of which they are built. The study of the 
mode of its action becomes therefore highly important; 
but it is to be feared that it will continue to be treated with 
the neglect which has hitherto been the lot of the whole 
science of chemistry applied to the arts of building. 
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It happens, unfortunately, that very few architects or 
engineers are chemists ; few chemists are aware of the 
nature of the questions it concerns us so deeply to have 
solved. M. Kuhlman's researches upon the subject 
immediately before us — viz., the nitrification of building 
materials — are, it is true, of the greatest interest, and 
have done much to elucidate the more obscure parts of its 
theory; but neither he, nor the various French or German 
chemists, nor our own countrymen who have lately 
devoted so much time and attention to the phenomena 
connected with the use of lime, have succeeded in over- 
coming the practical difficulties which are superinduced 
by the nitrification. Subsequently to the Exhibition of 
1851, the whole of this branch of applied chemistry has 
been brought more distinctly under the notice of the 
scientific world ; and it is to be hoped that shortly the 
obscurity in which it is still involved will be dispelled. 
In the meantime, however, professional men, architects, 
and engineers would do well to study for themselves, 
with more attention than it is to be feared they usually 
do, the practical applications of the important materials 
to which it has thus been attempted to call attention. 

GEORGE R. BURNELL. 



BRADBURY AND EVANS, PRINTERS, WHITKFRIAR8. 

II 



Digitized by Google 



MR WEALE'S ■ 

PUBLICATIONS FOR 1861. 



RUDIMENTARY SERIES. 



In demy 12mo, cloth, price Is. 

RUDIMENTARY.— 1.— CHEMISTRY, by Pro 

•L* f ess or FOWNES, F.R.S., including Agricultural Chemistry, 



for the Use of Farmers. 



In demy l*2mo, with Woodcuts, cloth, price Is. 

"RUDIMENTARY.— 2.— NATURAL PHILOSO- 

PHY, by CHARLES TOMLINSON. 

In demv 12mr>, with Woodcuts, cloth, price Is. 6d. 

■RUDIMENTARY.— 3.— GEOLOGY, by Major- 

-tV Gen. PORTLOCK, F.R.S.. Ac. 

In Hemy 12mo. with Woodcuts, cloth, price 2s. 

RUDIMENTARY.— 4, 5. — MINERALOGY, with 
Mr. DANA'S Additions. 2 vols, in 1. 

In demy 12 mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 6.— MECHANICS, by 
CHARLES TOMLINSON. 

In demy 12mo, with Woodcuts, cloth, pric<* Is. 6d. 

RUDIMENTA R Y.— 7.— ELECTRI C IT Y, by 
Sir WILLTAM SNOW HA KRIS, F.R.S. 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY". — 7*. — ON GALVANISM ; 
ANIMAL AND VOLTAIC ELECTRICITY; by Sir W. 
SNOW HARRIS. 

In demy 12mo. wlthWoodcuts, cloth, price 3s. 61. 

EUDIMENTARY. — 8, 9, 10 —MAGNETISM, 
Concise Exposition of, by Sir W. SNOW HARRIS, 3 vols. 

in 1. 

In demy 12mo, with Woodcuts, cl >ih, price 2s. 

RUDIMENTARY.— 11, 11*. -ELECTRIC 

TELEGRAPH, History of the, by E. HIGHTQN , C.E. 
In demy 12mo, with Woodcuts, cloth, priceTs.""^ 

RUDIMENTARY.— 12. — PNEUMATICS, bv 

• f* CHARLES TOM LINSON. 

In demy 12mo, with Woodcuts, cloth, price 4s. 6il. 

DUDIMENTARY. — 13, 14, 15, 15*. — CIVIL 

, ENGINEERING, by HENRY LAW, C.E., 3 vols. ; and Sup- 
plement by O. R. BURNEL L, C.E. 1 

In demv 12mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 16. — ARCHITECTURE, 

±Z Orders of, by W. II. LEEDS. 

^ w ^ I" d«mv 12mo f with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY. — 17. — ARCHITECTURE 

AV Styles of. by T. BURY, Architect. 

John Weale, 59, High Holborn, London, W.C. 



Digitized by Google 



2 



]J^R WE ALE'S RUDIMENTARY SERIES. 

In dnmy I'iiiio, with Woodcuts, cloth, price 2s. 

T) UDIMENTARY. — 18, 19. — ARCHITECTURE, 

principles of Design in by E. L. G ARBETT, ArchiUct, 2 vols. 
in 1. 

In demy 12mo, with Woodcuts, cloth, price 2s. 

RUDIMENTARY. — 20, 21. — PERSPECTIVE, 
by G. PYNE, Artist, 2 vols, in 1. 

In demy 12mo, with Woodcuts, cloth, price Iff. 

T> UDIMENTARY. — 22. — BUILDING, Art of, 

*• by E. DOBSON, C.E. 



In dnmy l'imo, with Woodcuts, cloth, pnce 2s. 

RUDIMENTARY. — 23, 24. — BRICK-MAKING, 
TILE-MAKING, &c, Art of, by E. DOBSON, C.E., 2 vols. 

int. 

In d«my 12ino, with Woodcuts, cloth, price 2*. 

RUDIMENTARY. — 25, 26.— MASONRY AND 
STONE-CUTTING, Art of, by E. DOBSON, C.E., 2 vols. 

in 1. 

In demy 12mo, with Woodcuts, cloth, price 2s. 

D UDIMENTARY.— 27, 28.— PAINTING, Art of, 

■f* or a GRAMMAR OF COLOURING, by GEORGE FIELD, 
2 vols, in 1. 

In demv 12mo, wiih Woodcuts, cloth, price Is. 

PUDIMENTAR Y. — 29. — PRACTICE OF 

-IV DRAINING DISTRICTS AND LANDS. Art of, by G. D. 
DEMPSEY, C .E. 

In demy 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTAR Y.— 30.— PRACTICE OF 
DRAINING AND SEWAGE OF TOWNS AND BUILD- 
INGS, Art of, by G. D. DEMPSEY, C.E. 



In demy 12mo, with Woodcuts, cloth, price Is. 

HMENTARY. — 31. — WELL-SINE 

AND BORING, Art of, byG.R. BURNELL, C.E. 



R 



In dt-mv 12mo. with Woodcuts, cloth, price Is. 

UDIMENTARY. — 32. — USE OF INSTRU- 
MENTS, Att of the, by J. F. HEATHER, M.A. 



In demy 12mo, with Woodcufs, cloth, pric* Is. 

RUDIMENTARY. — 33. — CONSTRUCTING 
CRA NES, Art of, by J. GLYNN, F.R.8., C.E. 

In dniuy l_tuo, with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 34. — STEAM ENGINE, 
' Treatise on the, by Dr. LARDNKR. 

In demy I2mo, with Woodcuts, cloth, price Is. 

"D UDIMENTARY. — 35. — BLASTING ROCKS " 

XV AND QUARRYING, AND ON STONE, by Lieut.-Gen. Sir 
J BURGOYNE. Bart., G C.B., R.E. 

In ri.my 12mo, with Woodcuts, cloth, price 4s. 

T> UDIMENTARY. — 36, 37, 38, 39.— DICTION- 

XV ARY OF TERMS used by Architects, Builders, Civil and 
Mechanical Engineers, Surveyors, Artists, Ship- builders, &c, 
vols, in 1. 

In riemy 12mo, cloth, price Is. 

RUDIMENTARY.— 40. — GLA SS STAINING 
Art of, by Dr. M. A. GESSERT. 
John Wealo, t9, High Holborn, I Ondon, W.C. 



Digitized by Google 



M 



R. WEALE'S RUDIMENTARY SERIES. 



In demy lvfmo, cloth, price Is. 

"RUDIMENTARY. — 41. — PAINTING ON 

GLASS, Essay on, by E. 0. FROM BERG. 
In demy 1 21110, with Woodcuts, cloth, price la. 

D UDIMENTARY. —42.— COTTAGE BUILD- 

I KG, Treatise on. 

In demy 12mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 43. — TUBULAR AND 
GIRDER BRIDGES, and others, Treatise on, more particu- 
larly describing th« Britannia and Conway Bridges. 

In demy 12mo, with Woodcuts^loth, price Is. 

T) UDIMENTARY. — 44. — FOUNDATIONS, &c, 

- L *' by E. DOBSQN, C.E. 

In demy 12mo. with Woodcut", cloth, price Is. 

RUDIMENTARY. — 45. — LIMES, CEMENTS, 
MORTARS, CONCRETE, MASTICS, &c, by G. R. BUR- 
NELL, OB. 

In demy 12mo. with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 46. — CONSTRUCTING 
AND RE PAIRING COMMON ROADS, by II. LA W, C.E. ' 

In demy 12mo, with Woodcuts, cloth, price 3s. 

T) UDIMENTARY. — 47, 48, 49.— CONSTRUC- 

TION AND ILLUMINATION OP LIGHTHOUSES, by 
ALAN STKVENS O N. r.E., 8 vols, in 1. 

In demy 12mo, with Woodcuts, cloth, price Is. 

RUDIMENT ARY.— 50.— LAW OF CON- 
TRACTS FOR WORKS AND SERVICES, by DAVID 
GIBBONS. 3.P. 

In demy 12mo, with Woodcuts, cloth, price 3s. 

TJUDIMENTAR Y. — 51, 52, 53. — NAVAL 

ARCHITECTURE, Principles of the Science, by J. PEAKE, 
N.A.,3 vols , in 1, 

In d»-my 12mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY AND ELEMENTARY.— 53*. 
— PRACTICAL CONSTRUCTION concisely stated of Ships 
for Ocean or River Service, by Captain H. A. SOMMERFELDT, 
N.R.N. 

In royal 4fo. with Engraved Plates, cloth, price 7s. 6d. 

RUDIMENTARY.— 53**— ATLAS of 15 Plates 
lo ditto, drawn and engraved to a Scale for Practice.— For the 
convenience of ihe Operative Ship Builder the Atlas may be had 
in three separate Parts. Part I., 2a 6d. Part XL, 2s. 6d. Part 
III., 2s. 6d. 

In demy I2m«>, with Woodcuts, cloth, price Is. 

T) UDIMENTARY. — 54. — MASTING, MAST- 

IV MAKING, AND RIGGING OF SHIPS, by R. KIPPING, 

N. A , 

In demy 12mo, with Woodcuts, cloth, price 2s. 6d. 

T) UDIMENTARY. — 54*. — IRON SHIPBUILD- 

±* ING, by JOHN GRANTHAM, N.A. and C.E. 
In demy 12mo. with Woodcuts, cloth, price 2a. 

E UDIMENTARY. — 55, 56.— NAVIGATION ; 
THE SAILOR'S SKA-ROOK.— How to Keep the Log and 
Work it Off- Latitude and Longitude— Great Circle Sailing— Law 
of Storms and variable Winds ; and an Explanation of Terms osed, 
with coloured Illustrations of Flags, 

John Weale, 69, High Holborn, London, W.C. 

b 2 



Digitized by Google 



M 



R. WE ALE'S RUDIMENTARY SERIES. 



In demy 12mo, with Woodcuts, cloth, price 2s. 

E UDIMENTARY.— 57, 58. — WARMING AND 
VENTILATION, by CHARL ES TQM LIN SON, 2 vols, in 1. 

In demy 12mo, with "Woodcuts, cloth, price 1s. 

T) UDIMENTARY. — 59. — STEAM BOILERS, by 

R. ARMSTRONG, C. E. 

In demv 12mo, with Woodcuts, cloth, price 2s. 

T) UDIMENTARY. — 60, 61. — LAND AND 

J-V ENGINEERING SURVEYING, by T. BAKER, C.E., 2 voIb. 
Inl. 

_ i i . 

In demy l2mo, with Woodcuts, cloth, price Is. 

X) UDIMENTARY AND ELEMENTARY. — 62. 

J-V —PRINCIPLES OF RAILWAYS, for the Use of the Be- 
ginner in his Studiex; with Sketches for Construction. By SirR. 
MAC DONALD STEPHENSON. VoL I. 



In demy 12mo, with Woodcuts, cloth, price Is. 

T) UDIMENTARY. — 62*. — RAILWAY WORK- 

ING IN GREAT BRITAIN, Statistical Details, Table of 
Capital and Dividends, Revenue Accounts, Signals, &c. VoL II. 

In demy 12mo, with Woodcuts, cloih, price 3s. 

"D UDIMENTARY. — 63, 64, 65. — AGRICULTU- 

J -*' RAL BUILDINGS, the Construction of, on Motive Power?, 
and the Machinery of the Steading; and on Agricultural Field 
Engines, Machines, and Implements, by G. H. ANDREWS, 3 
vols in 1. - John W^ale, 59. High Holboru, London, W.C. 

In demy 12mo, cloth, prict* Is. 

ft UDIMENTARY.— 66.— CLAY LANDS AND 

LOAMY SOILS, by Professor JOHN DONALDSON, A.E . 
In demy 12mo. with Woodcuts, cloth, price 3-». 

EUDIMENTARY. — 67, 68. — CLOCK AND 
WATCH-MAKING, AND ON CHURlII CLOCKS AND 
BELLS, by E. B. DENISON, M.A., 2 vols, in 1, considerably 
exte nded. Foa rth Edition. 

In nVmy 12mn. with Woodcuts, cloth, price 2s. 

T) UDIMENTARY. — 69, 70.— MUSIC, Practical 

-l* Treatise on, by C. C. SPENCER, Mus. Dr. 2vol s .ini. 
In demy 12mo, cloth, price Is. 

T) UDIMENTARY. — 71 . — PIANOFORTE, In- 

■tV Btruction for Playing the, by C. C. SPENCER, Mus. Dr. 

"Tn demy 12morwithSteel Engravings and Woodcuts, cloth, prica 

6s. 6d. 

P UDIMENTARY. — 72, 73, 74, 75, 75*.— RECEN T 

J-*' FOSSIL SHELLS (A Manual of the MolIusca),by SAMUEL 
P. WOODWARD, of the Brit. Mus. 4 vols, in 1, with Supplement. 

In demy 12mo., with Woodcuts, cloth, price 2s. 

K UDIMENTARY. — 76, 77. — DESCRIPTIVE 
GEOMETRY, by J. F. HEATHER, M.A. 2 vols, in 1. 

In demy 12mo, with Woodcuts, price Is. 

UDIMENTARY. — 77*. — ECONOMY OF 

FUEL, by T. 8. PRIDE AUX. 



R 



In demy 12mo. 2 vols, in 1, with Wooden t«, cloth, price 2s. 

RUDIMENTARY.— 78, 79.— STEAM AS AP- 

-i-V PLIED TO GENERAL PURPOSES. 

John Weale, 59, High Holbom, London, W.C. 



Digitized by Google 



M 



B. WE ALE'S RUDIMENTARY SERIES. 



Iii demy 12mo, with Woodcuts, clMb, price Is. 6d. 

KUDIMENTARY.— 78*.— LOCOMOTIVE EN- 
GIN BJiv G : D . DE MP3EY, C.E. 

In royal 4to, cloth, price 4h. fid. 

"RUDIMENTARY. — 79*. — ATLAS OF EN- 

J-V GRAVED PLATES to DEMPSEY'S LOCOMOTIVE 
ENGINES. 



■ - 



In demy 12mo, with Woodcuts, cloth, price Is. 

T) UDIMENTARY. — 79**. — ON PHOTOGRA- 

PHY, the Composition and Properties of the Chemical Sub- 
stances used, hy Dr. H. H Ai.LEUR. 

In demy l'2ra-»., with Woodcuts, cloth, price 2a. 66. 

■RUDIMENTARY. — 80, 81. — MARINE EN- 

1+ GINES AND ON THE SCREW, &c , by K. MURRAY, C.E. 

2 vols, in 1. 
—— — ■ 

In demy l2mo. cloth, price 2». 

RUDIMENTARY.— 80*, 81*.— EMBANKING 
LANDS FROM THE SEA, by J011N WIGGINS, F.G.S. 
2 vols, in 1. 

In df»mv 12mo, with Woodcuts, cloth, price 2s. 

"RUDIMENTARY. — 82, 82*. — POWER OF 

WATER, AS APPLIED TO DRIVE FLOUR MILLS, 
by JOSEPH GLYNN, F.R.S., C.E. 

In demy 12mo, cloth, price Is. 

R UDIMENTARY.— 83. — BOOK-KEEPING, by 

H JAME3 HADDON, M.A. 

In demy 12mo, with Woodcuts, price 3s. 

T) UDIMENTARY. — 82**, 83*, 83 (bis) COAL 

A* GAS, on the Manufacture and Distribution of, by.SAMUEL 
HUGHES, C.E. 

In dtmy 12mo, with Woodcuts, cloth, price Ss. 

13 UDIMENTARY. — 82***. — WATER WORKS 

Xi FOR THE SUPPLY OF CITIES AND TOWNS; Works 
which have been executed for procuring Supplies by means of 
Drainage Areas and by Pumping from Wells, by SAMUEL 
HUGHES, C.E. 

- C 

In demy 12mo, wiih Woodcuts, cloth, price Is. fid. 

T> UDIMENTARY. — 83**.— CONSTRUCTION 

£V ' OF DOOR LOCKS. 

In demy 12mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY. — 83 (bis) — FORMS OF 
SHIPS AND BOATS, by W. BLAND, of Hartlip. 

In demy 12mo, cloth, price Is. fid. 

RUDIMENTARY. — 84. — ARITHMETIC, with 
numerous Examples, by Prof. J. R. YOUNG. 

In demy 12mo, cloth, price Is. 6d. 

T) UDIMENTARY. — 84*. — KEY to the above, 

£* by Prof. J. R. YOUNG. 

In demy 12mo, cloth, price Is. 

T) UDIMENTARY. — 85. — EQUATIONAL 

Aw ARITHMETIC, Questions of Interest, Annuities, &c, by 
W. HIPSLEY. 

John Weale 59, High Holborn, London, [W.C. 
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In demy 12 mo, cloth, price la. 

"RUDIMENTARY. — 85*. — SUPPLEMENTARY 

-1* VOLUME TO HIPSLEY'S EQUATIONAL ARITHME- 
TIC, Tables for the Calculation of Simple Interest, with Logarithms 
for Compound Interest and Annuities, &c , &c, by W. HIPdLEY. 

In demy 12mo, cloth, price 2s. 

ft UDIMENTARY. — 86, 87. — ALGEBRA, by 

J-V JAMES HADDON, M.A. 2vols.ini. 

In demy 12mo, in cloth, price Is. 6d. 

D UDIMENTARY. — 86*, 87*.— ELEMENTS OF 

J-V ALGEBRA, Key to the, by Prof. YOUNG. 

In demy 12mo, with Woodcuts, pric* 2a. 

ft UDIMENTARY.— 88, 89.— ELEMENTS OF 

J-i GEOMETRY, by HENRY LAW, C.E. 2vols.ini. 
In demy 12mo. with Woodcuts, cloth, price Is. 

P UDIMENTARY.— 90.— GEOMETRY, ANA- 

£* LYTIC AL, by Prof. JAMES HANN. 

In demy 12mo, with Woodcuts, cloth, price 2*. 

RUDIMENTARY. — 91, 92. — PLANE AND 
SPHERICAL TRIGONOMETRY, by the sime. 2vols.ini. 

In demy 12m<\ with Woodcuts, cloth, price Is. 

E UDIMENTARY.— 93.— MENSURATION, by 
T. BAKER, C.E. 

In demy 12mo, cloth, price 2s. 6d. 

RUDIMENTARY. — 94, 95. — LOGARITHMS, 
Tables for facilitating Astronomical, Nautical, Trigonometri- 
cal, and Logarithmic Calculations, by H. LAW, C.E. New Edition, 
with Tables of Natural Sines and Tangent*, and Natural Cosines. 
2 vols, in 1. 

In demy 12m<\ with Woodcuta, cloth, price Is. 

RUDIMENTARY.— 96.— POPULAR ASTRO- 

-IV NO MY. By the Rev. ROBERT MAIN, M.R.A.S. 

In demy 12mo, with Woodcuts, cloth, price Is. 

RUDIMENTARY.— 97.— STATICS AND DY- 
NAMICS, by T. BAKER, C.E. 

In drnnv 12mo, with 220 Woodcuts, cloth, price 2s. 6d. 

RUDIMENTARY. — 98, 98*. — MECHANISM 
AND PRACTICAL CONSTRUCTION OF MACHINES, 
by T. BAKER, C.E., and ON TOOLS AND MACHINES, by 
JAMES N A S MYT H, C.E. 

In demy 12mo, with Woodcuts, cloth, price 2*. 

RUDIMENTARY.— 99, 100. — NAUTICAL As- 
tronomy AND NAVIGATION, by Prof. YOUNG. 2 
vols, in 1. 

In demy 12mo, cloth, price Is. 6d. 

"RUDIMENTARY. — 100*. — NAVIGATION 

TABLES, compiled for practical use with the above. 

■ » " ■ ■- — - ■ ■ — — : 

In demy 12mo, cloth, price Is. 

ft UDIMENTARY. — 101. — DIFFERENTIAL 

J -*' CALCULUS, by Mr. WOOLTIOUSE, F.R.A.S. 

John Weale, 59, High Holborn, London, W.C. 
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R, WEALED RUDIMENTARY SERIES. 



In demy 12mo, cloth, price 1*. fid. 

1} UDIMENT AR Y. — 101*. — WEIGHTS AND 

MEASURES OF ALL NATIONS : Weights, Coins, and the 
various Divisions of Time, with the principles which determine 
Rates of Exchange, by Mr. WQOLHOUSE, F.R A S. 

In demv limo, in cloth, price Is 

T) UDIMENT ARY. — 102. — INTEGRAL CAL- 

H CULUS.br H. COX. M.A. 

In demv 12m in cloth, prici Ik. 

RUDIMENTARY. — 103.— INTEGRAL CAL- 
CULUS. Ex amp les of. by Prof. J AMK3 U ANN. 

In d*miy 12mo, cloth, price Is. 

RUDIMENTARY. — 104. — DIFFERENTIAL 

J-V CALCULUS, Examples of, by J. HADD')N, M A. 
In demv limn, with Wo xlcuts, cloth, price ls.6d. 

RUDIMENTARY. — 105. — ALGEBRA, GEO- 
METRY, AND TRIGONOMETRY", Mnemonic^ Lessons, 
by theR~v. T. PEN YNG TON KIRKMAN, M A. 

In demv 12mo, with Woodcuts, cloth, price lM.6d. 

RUDIMENTARY.— 106.— SHIPS 1 ANCHORS 
FOR ALL SERVICES, by Mr. GEORGE COTSELL, N A. 

In demy 12mo, with Woodcuts, price 2m. fid. 

RUDIMENTARY. —107. — METROPOLITAN 
BUILDINGS ACT in present operation, with Notes, and the 
Act dated Augu. t 28th, I860, for better supplying of Gas to the 
M'-tropoliM. 



In demy 12mo, cloth, price Is. fid. 

T) UDIMENTARY. — 108. — METROPOLITAN 

XV LO CAL M A N AG E MENT ACTS. All the Acts. 
In demv 12mo, cloth, price ls.6d. 

T> UDIMENT ARY, — 109. — LIMITED LIA- 

BILITY AND PARTNERSHIP ACTS. 

In demy 12mo, clot)), price Is. 

RUDIMENTARY.— 110.— SIX RECENT Le- 
gislative ENACTMENTS, for Contractors, Merchants, 
and Tradesmen. 

In demy 12mo, cloth, price Is. 

RUDIMENTARY. — 111. — NUISANCES RE- 
MOVAL AND DISEASE PREVENTION ACT. 

In demv 12mo, cloth, price Is. fid. 

RUDIMENT A RY. — 112. — DO M ESTIC MEDI- 
CINE, PRESER VI NG HEALTH, by M. RASPAIL. 

In demv 12mo, cloth, price Is. 6d. 

RUDIMENTARY. — 113. — USE OF FIELD 
ARTILLERY ON SERVICE, by Lieut.-Col. HAMILTON 
MAXWELL B.A. 

In demv 12rno, with Woodcuts, cl »th, pricn Ik 6d. 

T) UDIMENTARY.— 114.— ON MACHINERY: 

Rudimenm y and Elementary Principles of th« Construction 
an d on the Work ing of Machinery, by C. D. A BEL, C.E. 

In roval 4to, cloth, price 7s. fid. 

P UDIMENTARY.— 115.— ATLAS OF PLATES 

-L*> OF SEVERAL KINDS OF MACHINES, 17 very valuable 
Illustrative plate*. 

John Weale, 69, High Holborn, London, W.C. 
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ty£R. WEALE'S RUDIMENTARY SERIES. 

In demv 12mn. with Woo.lcutB, cloth, price Is. 6d. 

■RUDIMENTARY. — 116. — TREATISE ON 

1X > ACOUSTICS: The Distribution of Sound, by T. ROGER 
SMITH, Architect. 

In demv 12jn<\ with Wooicuts, cloth, price 2s. 6d. 

EUDIM ENT ARY.— 1 1 7.— S U BTERR AN EOU S 
SURVEYING. RANGING THE LINK WITHOUT THE 
MAGNET. By THOMAS FENWICK, Coal Viewer. With Im- 
provements and Modern Additions bv T. BAKER, C.E. 

In demv 12mo, with Plates and Woodcuts, cloth, prce 3s. 

RUDIMENTARY. — 118, 119. — ON THE CIVIL 
ENGINEERING OF NORTH AMERICA, by D. STEVEN- 
SON, C.E. 2 vols, in 1. 

In dt mv 12mo, with Woodcuts, cloth, price 3a. 

"RUDIMENTARY. — 120. — ON HYDRAULIC 

J-V ENGINEERING, by G. R. BURNELL, C.E. 2vols.ini. 
In demv 12mo with 2 Engraved Plates, cloth, price Is. 6d. 

"R UDIMENT ARY. — 121. — TREATISE ON 

J-V RIVERS AND TORRENTS, from the Italian of PAUL 
FRISI. 

In demy 12mo, bv PAUL FRISI, in cloth, price Is. 

"RUDIMENTARY.— 122.— ON RIVERS THAT 

Xt CARRY SAND AND MUD, and an ESSAY ON NAVI- 
GABLE CANALS. 121 and 122 bound together, 2s. 6d. 

In demv 12mo, with Woodcuts, cloth, price Is. fld. 

RUDIMENTARY. — 123. — ON CARPENTRY 
AND JOINERY, founded on Dr. Rob'son's Work. 

In demy 4to, cloth, price 4s. 6d. 

RUDIMENTARY.— 123* —ATLAS of PLATES 
in detail to the CARPENTRY AND JOINERY. 123 and 
1 23* bound tngetherin cloth in 1 vol. 

In demv 12mn. with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY.— 124. — ON ROOFS FOR 

IV PUBLIC AND PRIVATE BUILDINGS, founded on Dr. 
Robison's Work. 

In ' oy»l 4to, cloth, pric* 4s. 61. 

-RUDIMENTARY.- 124*.— RECENTLY CON- 

-*-V STRUCTED IRON ROOFS, Atlas of plates. 

In demv 12<n>, with Woodcuts, cloth, price 3s. 

RUDIMENTARY. — 125. — ON THE COMBUS- 
TION OF COAL AND THE PREVENTION OF SMOKE, 
Chemically and Practically Considered, by CHARLES WYE 
WILLIAMS. 



In dftnv 12mo. cloth. 125 and 126 totfeth«r, price 3s. 

RUDIMENTARY. — 126. — ILLUSTRATIONS 
to WILLIAMS'S COMBUSTION OF COAL. 125 and 126, 
2 vols bound in 1. 

. . . — — — - — — . — . . — — 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

-R UDIMENTARY. — 1 27. — PRACTICAL IN- 

J-V STRUCTIONS IN THE ART OF ARCHITECTURAL 
MODELLING. 

John Weale, 59, High Ilolborn, London, W.C. 
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R. WE ALE'S RUDIMENTARY SERIES. 



In demy 12mo, with Engravings and Woodcuts. 

T) UDIMENTARY. — 128. — THE TEN BOOKS 

■Xfc OF M. VITRUVIUS ON CIVIL, MILITARY, AND 
NAVAL ARCHITECTURE, traualated by JOSEPH QWILT, 
Arch. 2 vols, in 1. 



In demy 12mo, 128 and 1129 together, cloth, price 5s. 

•RUDIMENTARY. — 129. — ILLUSTRATIVE 

PLATES TO VITRUVIUSS TEN BOOKS, by the Author 
and JOSEPH 0 ANDY, R.A. 

In demy 12mo. cloth, price Is. 

E UDIMENTARY. — 130. — INQUIRY INTO 
THE PRINCIPLES OF BEAUTY IN GRECIAN ARCHI- 
TECTURE, by the Right Hon. the Earl of ABERDEEN, &c. Ac. 

In demy 12mo, cloth, price Is. 

T) UDIMENTARY. — 131. — THE MILLER'S, 

J-* MERCHANT'S, AND FARMER'S READY RECKONER,, 
for ascertaining at Sight the Value of any quantity of Corn ; toge*» 
ther with the approximate value of Millstones and Millwork. 

In demy 12mo, with Woodcuts, cloth, price 2^. 6d. 

RUDIMENTARY.— 132.— TREATISE ON THE 
ERECTION OF DWELLING HOUSES, WITH SPECI- 
FICATIONS.QUANTITIES OF THE VARIOUS MATERIALS, 
&c, by S. II. BROOKS, Architect. 27 Plates. 

RUDIMENTARY SERIES. — ON M I N ES, 
8MELTING WORKS, AND THE MANUFACTURE OF 
METALS, as follows. 

In demy 12mo. with Woodcuts, cloth, price 2*. 

RUDIMENTARY. — Vol. 1. — TREATISE ON 
THE METALLURGY OF COPPER, by R. H. LAM BORN. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY. — Vol. 2. — TREATISE ON 
THE METALLURGY OF SILVER AND LEAD. 

In demy 12rao, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY. — 
Vol.3.— TREATISE ON IRON METALLURGY up to the 
Manufacture of the latest pi 



In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

J-V Vol. 4.— TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, Ac. 

In d«my 12mo, to have Woodcuts, cloth. 

T) UDIMENTARY AND ELEMENTARY. — 

- LX ' Vol. 5. — TREATISE ON THE MINING OF ZINC, TIN. 
• NIC KEL, COBALT, Ac. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY.— 

-IV vol. 6. — TREATISE ON COAL MINING (Geology and 
Means of Discovering, &c.) 

In demv 12mo, with Woodcuts, cloth, price Is. 6d. 

ID UDIMENTARY. — Vol. 7. — ELECTRO-ME- 

1* TALLURGY.- Practically treated by ALEXANDER. 
WATT, F.R.S.A. 

John Weale, 69, High Holborn, London, W.C. 
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EW SERIES OF EDUCATIONAL WORKS. 



In demy I2mr>, with Woodcuts, cloth, price 4s. 

ONSTITUTIONAL HISTORY OF ENG- 
LAND.— 1, 2, 3, 4.- By W. D. HAMILTON, of the Stxte P. O. 



In demy 12rao, with Woodcuts, cloth, price 2s. 6d. 

OUTLINES OF THE HISTORY OF GREECE. 

V# —5, 6. -By W.D.HAMILTON, 2 vols. 

Ia demy 12uio, with Map of Italy aud Woodcuts, cloth, price 2s. 6d 

OUTLINE OF THE HISTORY OF ROME. — 
7, 8,-By W. D. HAMILTON, 2 vols. 

In demy 12mo, cloth, price 2s. 61. 

pHRONOLOGY OF CIVIL AND ECCLE6I- 

V A STIC A L HISTORY, LITERATURE, ART, AND CIVI- 
LISATION, from the earliest period to the present.— 9, 10.— 2 vols. 

'- ■ — • 

In demy 12rao, cloth, price Is. 

GRAMMAR OF THE ENGLISH LANGUAGE. 

KJ -ll.-By HYDE CLARKE, D.C.L. 

In demy 12mo, cloth, price Is. 

HANDBOOK OF COMPARATIVE PHILO- 
LOGY.— ll*.-By HYDE CLARKE, D.C.L. 

In demy stout 12mo, cloth, price 3s. 6d. 

DICTIONARY OF THE ENGLISH LAN- 
GUAGE.— 12, 13. -A New Dictionary of the English Tongue 
as spoken anl written, ahore 100,000 words, or 50,000 m »re than in 
any existing work, by HYDE CLARKE, D.C.L., 3 vols, in 1. 



In demy 12mo, cloth, price Is. 

GRAMMAR OF THE GREEK LANGUAGE. 

VJ —14— By H.C. HAMILTON. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE GREEK AND ENG- 
LISH LANGUAGES. — 15, 16.-By H. R. HAMILTON, 2 
vols, in 1. 

In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE ENGLISH AND 
GREEK LANGUAGES.— 17, 18.— By H. R. HAMILTON, 2 
vols. In 1. 



In demy 12mo, cloth, price Is. 

I OF THE LATIN ] 

— 19.-By the Rev. T. GOODWIN, A.B. 



QRAMMAR OF THE LATIN LANGUAGE. 



In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE LATIN AND ENG- 
LISH LANGUAGES. — 20, 2l.-By the Rev. T. GOODWIN, 
B.A. Vol.1. 



In demy 12mo, cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 
LATIN LANGUAGES. — 22, 23.— By the Rev. T. GOOD- 
WIN, A.M. Vol. II. 

In demy 12mo, cloth, price Is. 

QRAMMAR OF THE FRENCH LANGUAGE. 
John Weale, 59, High Holhorn, London, W.C. 
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R. WE ALE'S EDUCATIONAL SERIES- 



In demv 12mo, cloth, price Is. 

"DICTIONARY OF THE FRENCH AND 

A/ ENGLISH LANGUAGES.— 25. — By A. ELWES. Vol.1. 
In demy 12mo f cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 
• FRENCH LAN » U A G E 3. — 26. — By A. ELWES. Vol II. 

In demy 12mo, c'oth, price Is. 

n RAMMAR OF THE ITALIAN LANGUAGE 

vJ —27.- By A. ELWES. 



In demy 12ran, cloth, price 2s. 

TklCTIONARY OF THE ITALIAN, ENG- 

LISH. AND FRENCH LANGUAGE 3. -28, 29.— By A. 
ELWES. Vol.1. 

In demy 12mo, cloth, price 2s. 

"DICTIONARY OF THE ENGLISH, ITALIAN, 

XJ AND FRENCH LANGUAGES.— 30, 31.-By A. ELWES. 
Vol. II. 

In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE FRENCH, ITALIAN, 
AND ENGLISH LANGUAGES. —32, 33.-By A. ELWES. 
Vol. III. 

In demv 12mo, cloth, price la. 

GRAMMAR OF THE SPANISH LANGUAGE. 
—34.- By A. ELWES. 

In demy 12mo, cloth, price 4s. 

T\ICTIONARY OF THE SPANISH AND 

-L/ ENGLISH LANG UAGES.-35, 36, 37, 38. -By A. ELWES. 
4 vols, in 1. 



In demy 12rao, cloth, price la. 

QEAMMAR OF THE GERMAN LANGUAGE. 

In d» my 12mo, cloth, price in. 

(CLASSICAL GERMAN READER.— 40.— From 

^ the best Authors. 

— 1 

In demy 12mo, cloth, price 3s. 

"DICTIONARIES OF THE ENGLISH, GER- 

*J MAN, AND FRENCH LANGUAGES. — 41, 42, 48.— By N. 
E. HAMILTON, 3 vols., s«j arately, Is. each. 

In demv 12mo, cloth, price 7s. 

TVICTIONARY OF THE HEBREW AND 

•*J ENGLISH LANGUAGES. — 44.45. — Containing the Biblical 
and Rabbinical words? 2 vols, (together with the Grammar, which 
may be had separately for Is.), by Dr. BRESSLAU, Hebrew Pro- 
fessor. 

In demv 12mo, cloth price 3s. 

DICTIONARY OF THE ENGLISH AND 
HE BREW LANGUAGES.-46.-Vol. III. to complete. 

In demy 12mo, cloth, price Is. 

JpRENCH AND ENGLISH PHRASE BOOK. 

John Weale, 69, High Holborn, London, W C. 
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B. WEALE'S CLASSICAL SERIES, 



Nrw in course of Publication, in demy 12mo, price Is. per Volume 
(except in some inbtances, and those are Is. 6d. or 2s. each), very 
neatly printed on good paper. Those priced are published. 

(I REEK AND LATIN CLASSICS. — A Series of 

Volumes containing the principal Greek and Latin Authors, 
accompanied by Explanatoiy Notes in English, principally selected 
from the best and most recent German Commentators, and com- 
prising all those Works that are essential for. tbe Scholar ancTthe 
Pupil, and applicable for the Universities of Oxford, Cambridge, 
Edinburgh, Glasgow, Aberdeen, and Dublin— the Colleges at Belfast, 
Cork, Galway, Winchester, and Eton, and the great Schools as 
Harrow, Rugby, &c — also for Private Tuition and Instruction, and 
fur tbe Library, as follows : 



A 



LATIN SERIES. 
In demy 12mo, boards, price la. 

NEW LATIN DELECTUS. — 1. — Extracts 

Jiom Classical Authors, with Vocabularies and Explanatory 

Notes. 



In demy l'2mo, boards, price 2s. 

p^SSAR'S COMMENTARIES ON THE GAL- 

^ LIC WAR— 2.— With Grammatical and Explanatory Notes 
in English, and a Geographical Index. 

lu demy 12mo, boards, price Is. 

QORNEL1US NEPOS.— 3.— With English Notes, 

In oeuiy 12m<>, boa:ds, price Is. 

VIRGIL. — 1— The Georgics, Bucolics, with English 
Notes. 

In demy 12mo, boards, price 2s. 

VIRGIL'S ^ENEID.— 5.— (On the same plan as 

" the preceding). 

In demy 12mo, boards, price Is. 

HORACE.— 6.— Odes and Epodes ; with English 
Notes, and Analysis and Explanation of the Metres. 

In demy 12mo, boards, price Is. 6d. 

TJOPACE.— ?.— Satires and Epistles, with English 

J-X Notes, <fcc. 

In demy 12jio, boards, price Is. 6d. 

SALLTJST.— 8.— Conspiracy of Catiline, Jugur- 
thine War, with English Notes. 

In demy 12mo, boards, price Is. 6d. 

TERENCE.— 9.— Andrea and Hfcautontiniorume- 
nos, with English Notes. 



In demy 12mo, boards, price 2s. 

TERENCE.— 10.— Phormio, Adeiphi, and Hecyra> 
with English Notes. 

In demy 12mo. 

CICERO. — 11. — Orations against Catiline, for 
Sulla, for Archias, and for the Manilian Law. 

In demy 12mo. 

pICERO.— 12.— First and Second Philippics ; Ora- 

V tions for Milo, for Marcellus, &c. 

John Weale,59, High liolborn London, W.C. 
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J^K. WEALE'S CLASSICAL SERIES. 

In demy 12rao. 

QICERO.— 13.— De Officiis. 



In demy 12mo, board**, price 2s. 

piCERO.— 14.— De Amicitia, de Senectute, and 

^ Brutus, with English Notes. 

In demy 12mo. 

JUVENAL AND PERSIUS.— 15.— (The indeli- 

<J cate parts expunged.) 

In demy 12mo, boards, price 3s. 

LIVY. — 16. — Books i. to v. in two vols., with 
English Notes. 

In demv 12mo, boards, price Is. 

T IVY. — 17. — Books xxi. and xxii., with English 

JLJ N'»tps. 

In demy 12mo. 

TACITUS. — 18. — Agricola ; Germania ; and An- 

i.als, Book i. 
In demy 12mo, boards, price 2s. 

C ELECTIONS FROM TIBULLUS, OVID, an 1 

& PROPERTIUS.— 19.— With English Notes, 

In demy 12mo. 

CELECTIONS FROM SUETONIUS and the 

^ later Liitiii Writers.- 20. 



later Latin Writers.- 20. 

— — • * 



GREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 

SERIES. 
Those not priced are in the Press. 

In demy l2rao, boards, price Is. 

INTRODUCTORY GREEK READER. — 1. — 

->- On the same plan as the Latin Reader. 

In demy 12mo, boards, price Is. 

VENOPHON. — 2. — Anabasis, i. ii. iii., with 

«A- English Notes. 



In demy 12mo, boards, price Is. 

VENOPHON. — 3. — Anabasis, if. v. vi, vii., with 

A. English Notes. 

In demy i2mo, boards, price Is. 

J^UCIAN.— 4.— Select J)ialogues, with English 

In demy 12 mo, boards, price Is. 6d. 

JJOMER. — 5. — Iliad, i. to vi., with English Notes. 



In demy 12mo, boards, price Is. 6d. 

JJOMER.— 6.— Iliad, vii. to xii., with English Notes. 

In demy 12mo, boards, price Is. 6d. 

HOMER. — 7. — Iliad, xiii. to xviii. with English 
Notes. 

_ _ _ 

In demy 12mo. boards, price Is. 6d. 

TTOMER. — 8. — Iliad, xix. to xxiv., with English 

J-*- Notes. 

John Weale, 59, High Holborn, London, W.C. 
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j^JE. WEALE'S CLASSICAL SEEIES. 

In demy 12rao, boards, price Is. 6il. 

J| OMER. — 9. — Odyssey, i. to vi., with English Notes. 

In demy 12mo, boards, price Is. 6d. 

HOMER. — 10. — Odyssey, vu. to xii., with English 
Notes. 

In demy 12mo, boards, price Is. 6d. 

j^OMER.— 11.— Odyssey,xiii.to xviii.with English 

In demy 12tno, boards, price Is. 6d. 

HOMER. — 12. — Odyssey, xix. to xxiv. ; and 
Hymns, with English Notes. 

In demy 12 mo, boards, price 2s. 

DLATO. — 13. — Apology, Crito, and Phjedo, with 

£ English Notes. 

In demy 12mo, boards, price Is. 6d. 

HERODOTUS. — 14.— i. ii., with English Notes.— 
Dedicated to His Grace the Duke of Devonshire. 

In demy 12mo, boards, price Is. t>d. 

TJERODOTUS.— 15.— iii. iv., with English Notes. 

Dedicated to His Grace the Duke of Devonshire. 

In demy 12mo. 

HERODOTUS.— 16.— v. vi. and part of vii. 
Dedicated to His Grace the Duke of Devonshire. 



In demy 12mo. 

HERODOTUS.— 17.— Remainder of vii., viii., and 
ix. Dedicated to His Grace tlie Duke of Devonshire. 

In demy 12mo, boards, price Is. 

COPHOCLES. — 18.— (Edipus Rex, with English 

Notes. 

In demy 12mo. 

gOPHOCLES.— 19.— (Edipus Colonceus. 

In demy 12mo. 

gOPHOCLE!?. — 20. — Antigone. 

In demy 12mo. 

gOPHOCLES.— 21.— Ajax. 

In demy 12mo. 

gOPHOCLES.— 22.— Philoctetes. 

In demy 12mo, boards, price Is. 6d. 

J^URIPIDES.— 23.— Hecuba, with English Notes. 

In demy 12mo. 

g URIPIDES.— 24.— Medea. 

In demy 12mo. 

URIPIDES.— 25.— Hippolytus. 

John Weale, 59, High Holborn, London, W.C. 
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WEALE'S CLASSICAL SERIES. 

In demy 12mo, boards, price Is. 

gURIPIDES.— 26.— Alcestis, with English Notes. 

In demy 12mo. 

J^URIPIDES.— 27.— Orestes. 

In demy 12mo. 

EURIPIDES.— 28.— Extracts from the remaining 
Plays. 

In demy 12mo. 

OOPHOCLES— 29.— Extracts from the remaining 

^ Plays. 

In demy 12mo. 

^SCHYLUS.— 30.— Prometheus Vinctus. 

i — 

In demy 12mo. 

ffi SCH YLUS.— 31 .— Persse. 

In demy 12mo. 

^/gSCHYLUS.— 32.— Septetn contra Thebas. 

In demy 12mo. 

JgSCHYLUS.— 33.— Choephora?. 

— — . ... I, . . . _ — ■ — 

In demy 12mo. 

J£ SCH YLUS.— 34.— Eumenides. . 

In demy 12mo. 

SCH YLUS. — 35. — A gamemnon. 

la demy 12tno. 

J^SCH YLUS.-36.- Suppiices. 

In demy 12mo. 

pLUTARCH.— 37.— Select Lives. • 

In demy 12mo, 

^RISTOPHANES.— 38.— Clouds. 



In demy 12mo. 

j^RISTOPH A Frogs. 



In demy 12mr». 

ARISTOPHANES, — 40. — Selections from the 

re maining Comedies. 

In demy 12mo, boards, price-Is. 

JHUCYDIBES. — 41. — I., with English Notes. 

In demy 12a? o. 

f pHUCYDIDES.-r-4£.— II. 

John Weale, 59, nigh Ilolbom, London, W.C. 
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In demy 12mo. 

^HEOCRITUS.~43.— Select Idyls. 

In demy 12mo. 

piNDAR.— 44. 

In demy 12mo. 

gOCRATES.— 45. 

In demy 12mo. 

JJESIOD.— 46. 



MR. WEALE'S PUBLICATIONS OF WORKS 
ON ARCHITECTURE, ENGINEERING, AND THE 
FINE ARTS. 



In 1 Urge Atlas, folio Volume, with fine Plates, price £4 4s. 

< < TJRITISH GOVERNMENT WORK." -THE 

J-> ARCHITECTURAL* ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN'S CHAPEL, WESTMINSTER 
(late the House of Commons). 



Fine Plates snd Vignettes, Atlas folio, price £3 10s. 

< < \I ORWEGI AN GOVERNMENT WORK." 

1^ —THE CATHEDRAL OF THRONDHEIM, IN 
NORWAY. Text hy Professor MUNCH; drawings by H. E. 
SCHIRMER, Architect. 



Large Atlas folio, 4 livraisons, published in Madrid, at 100 reals 
each, or £1 in England. Illustrated by beautifully executed 
Engravings, some of which are coloured. 

C i QPANISH GOVERNMENT WORK."— 

^ MONUMENTS AROIIITECTONIQUES DE L'ES- 
PAGNE, PUBLICS AUX FRAIS DE LA NATION. — Part I 
Provincia de Toledo, Granada, Alcala de Henares.— Part 2. Cate- 
dral Toledo, Detailles.— Pabt 3. Granada, Segovia, Toledo, Sala- 
manca.— Part 4. Santa Maria de Alcala de Henares, Casa Lonia de 
Valencia, Toledo, Segovia, Ac— This work surpasses in beauty all 
other works. 



Columbier folia plates, with text also uniform, with gold borders, 
• and sumptuously bound in red morocco, gilt; gilt leaves, £12-12s., 
Columbier folio plates, with text also uniform, with gold borders, 
and elegantly half-bound in morocco, gilt, £10 10s.; Plates in 
Columbier folio, and text In imperial 4to, half-bound in morocco, 
gitt, £7 7s. ; Plates in Columbier folio, and text in imperial 4to, 
in cloth extra, boards and lettered, £4 14s. 6d. 

THE VICTORIA BRIDGE, AT MONTREAL, 

IN CANADA. — Elaborately illustrated by views, plans, 
elevations, and details of the Bridge ; together with the illustrations 
of the Machinery and Contrivances used in the construction of this 
stupendously important and valuable engineering work. The whole 
produced in the finest stvle of art, pictorially and geometrically 
drawn, and the views highly coloured, and a descriptive text. 
Dedicated to His Royal Highness the Prince of Wales. By JAMES 
HODGES, Engineer to the Contractors. Engineers: ROBERT 
STEPHENSON and ALEX. M. ROSS. Contractors: Sir S. 
MORTON PETO, Bart., M.P., THOMAS BRASSEY, and ED- 
WARD LADD BETT3, Esqre. 

John Weale, 69, High Holborn, London, W.C. 



Digitized by Google 



17 

R WEALE'S WOBKS ON ARCHITEC- 
TURE, ENGINEERING, FINE ARTS, &c. 



In one imperial folio volume, with exquisite illustrative Plates from 
costly Drawings made by the most eminent artists, half-bound 
very neat, price £5 5s. Only 150 copies printed for sale. 

PROFESSOR COCKERELL'S WORK. — 
THE TEMPLES OF JUPITER PANHELLENIUS AT 
^EGINA, AND OF APOLT.O EPICURIUS AT BASSiE, NEAR 
PHIGALEIA, IN ARCADIA. 

It is proposed to publish the Life and Works of the late 

TSAMBARD KINGDON BRUNEL, F.R.S., 

Civil Engineer. — The genius, talent, and great enterprise 
of the late Mr. Brunei has a world-wide fame, his whole lifa was 
devoted alone to the science of his profession, not in imitation or 
copying others, but in invention. In finding out new roads to the 
onward advancement of his Art, the lifting up from the slow and 
beating path of Engineering Art, new ideas and realities, and which 
has or have given to England a name for reference and of renowned 
intelligence in this Art. 

Just published, in 4to, with 100 Engravings, price, bound, 21s. 

THE PRACTICAL HOUSE CARPENTER.— 

■J- More particularly for country practice, with specifications, 
quantities, and contracts : also containing — 1. Designs for the Con- 
tering of Groins, Niches, &c.; 2. Designs for Roofs and Staircases, 
3. The Five Orders laid down to a scale; 4. Modern Method of 
Trussing Girders, Joints of Carpenters' work ; 5. Dosigns for Modern 
Shop Fronts with their details ; 0. Designs for Modern Doors with 
their details; 7. Designs for Modern Windows, with their details, 
and for Villa Architecture. The whole amply described, for the 
nse of the Operative Carpenter and Builder. Firstly written and 
published by WILLIAM PAIN. Secondly, with Modern Designs, 
and Improvements, by S. H. BROOKS, Architect. 

In 1861 will be published a volume in 12mo, entitled 

A DIGEST OF PRICES of Works in Civil Engi- 

-tX neering and Railway Engineering, Mechanical Engineering, 
Tools, Wrought and Cast Iron Works, Stone, Timber and Wire 
Works, and every kind of information that can be obtained and 
made useful in Estimating, Specifying, and Reporting. 

In 4to, 2s. 6d. 

AIRY, ASTRONOMER ROYAL, F.R.S., &c— 

Results of Experiments on the Disturbance of the Compass 
in Iron-built Ships. 

In a sheet. 3m.. in case, 3s. 6d. 

ANCIENT DOORWAYS AND WINDOWS 

A (Examples of). Arranged to illustrate the different styles of 
Gothic Architecture, from the Conquest to the Reformation. 

In 1 vol. imperial 4to, with 20 fine Plates, neatly half-bouud in 

cloth, £1 5s. 

ANCIENT DOMESTIC ARCHITECTURE.— 

Principally selected from origiual drawings in the collection 
of the late Sir William Burrell, Bart., with observations on the 
application of ancient architecture to the< pictorial composition of 
modern edifices. 

The stained glass facsimile. 4s. Gd., in an extra case, or in a 

sheet, 3s. 6d. 

ANGLICAN CHURCH ORNAMENT.— 

-f*- Wherein are figured the Saints of the English calendar, with 
their appropriate emblems ; the different styles of stained glass ; 
and various sacred symbols and ornaments used in churches. 
John Wcale, 50, High. Holborn, London, W.C. 
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R. WEALE'S WORKS" ON ARCHITEC- 

TUKE, ENGINEERING, FINE ARTS, &c. 



Id 4to, Is. 6d. 

ARAGO, Mods. — Report on the Atmospheric 

System, and on the proposed Atmoupheric Railway at Paris. 

Iu 4to, with about 500 Engravings, some of which are highly 
coloured, 4 vols., original copies, half-bound in morocco, £6 6s, 

ARCHITECTURAL PAPERS. 



2 Engravings, in folio, useful to learners and for schools, 2s. 6d. 

ARCHITECTURAL ORDERS (FIVE) AND 

^ THEIR ENTABLATURES, drawn to a larger scale, with 
Fi gured Dimensions. 

4to, Is. 

A RNOLLET, M. — Report on his Atmospheric 

Railway. 
In 4to, 10 Plates, 7s. 6d. 

A TMOSPHERIC RAILWAYS. — THREE RE- 

-tX PORT8 on improved methods of Constructing and Working 
Atmospheric Railways. By R. MALLET, C.E. 

In 8ro, Is. 6d. 

BARLOW, P. W. —Observations on the Niagara 
Railway Suspension Bridge. 

In large 4to, very neat half-morocco, 18s., with Engravings. 

BARRY, SIR CHARLES, R.A., &c. — 
Studies of Modern English Architecture. By W. H. LEEDS ; 
The Travellers 1 Glub-House, illustrated by Engravings of Plans, 
Sections, Elevations, and details. 

In 1 Vol., large 8vo, with coloured Plates, half-morocco, price £1 la. 

UEWICK'S (J. G.) GEOLOGICAL TREATISE 

, J-J ON THE DISTRICT OF CLEVELAND IN NORTH 
YORKSHIRE, its Ferruginous Deposits, Lias and Oolites; with 
some Observations on Ironstone Mining. 

In 8vo, with Plates. Price 4s. 

BINNS, W. S. — Work on Geometrical Drawing, 
embracing Practical Geometry, including th« use of Drawing 
Instruments, the construction and use of Scales, Orthographic Pro- 
jection, and Elementary Descriptive Geometry. 

In 4to, with 106 Illustrative Plates, cloth boards, £1 lis. 6d. 

BLASHFIELD, J. M., M. R. Inst., Ac- 
selections OF VASES, 8TATUE3, BUST3, Ac , from 
TERRA COTTAS. 

In 870, Woodcuts, Is. 

BLASHFIELD, J. M., M. R., Inst., &c— 
ACCOUNT OF THE HISTORY AND MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 

In 4to, 2s. 6d. 

BODMER, R., C.E.— On the Propulsion of Vessels 
by the Screw. 

15s. 

BRIDGE. — A large magnificent Plate, 3 feet 6 
inches by 2 feet, on a scale of 25 feet to an inch, of LONDON 
BRIDGE ; containing Plan and Elevation. Engraved and elabo- 
rately finished. The Work of the RENN1ES. 

John Weale, 69, High Holborn, London, W.C. 
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R. WE ALE'S WORKS ON ARCHITEO 

TURE, ENGINEERING, FINE ARTS, Ac. 



10s. 

BRIDGE. — Plan and Elevation, on a scale of 
10 feet to an inch, of STAINES BRIDGE ; a fine Engraving. 
The work of the RENNIES. 

In royal 8vo, with very elaborate Plates (folded), £1 10s. 

"BRIDGES, SUSPENSION. — An Account, 

-D with Illustrations, of the Suspension Bridge across the River 
Danube, by Wm. T. CLARK, F.R.S. 

In 4 vols., royal 8vo, bouud in 3 vols., half-morocco, price £1 10a. 

BRIDGES. — THE THEORY, PRACTICE, 
AND ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, AND WIRE ; with Examples on the Principle of Sus- 
pension ; Illustrated by 138 Engravings and 92 Woodcuts. 

In one large 8vo volume, with explanatory Text, and 68 Plates 
comprising details and measured dimensions. Bound in half- 
morocco, uniform with the preceding work, price £2 10s. 

BRIDGES. — SUPPLEMENT TO "THE 
THEORY, PRACTICE, AND ARCHITECTURE OF 
BRIDGES OF STONE, IRON, TIMBER, WIRE, AND SUS- 
PENSION." 

- — _ 

1 large folio Engraving, price 7s. 6d. 

BRIDGE across the Thames.— SOUTHWARK 
IRON BRIDGE. 

1 large folio'Engraving, price 5s. 

BRIDGE across the Thames. — WATERLOO 
STONE BRIDGE. 

1 very large Engraving, price 5s. 

BRIDGE across the Thames. — VAUXHALL 
IRON BRIDGE. 

1 very large Engraving, price 49. 6d. 

T> RIDGE across the Thames. — HAMMERSMITH 

±J SUSPENSION BRIDGE. 

1 large Engraving, price 4s. 6ri. 

BRIDGE (the UPPER SCHUYLKILL) at 
PHILADELPHIA, the greatest known spin of one arch, 
covered. 

1 large Engraving, price 3s. 6d. 

BRIDGE (the SCHUYLKILL) at PHILA- 
DELPHIA, covered. 

* 

1 large Engraving, price 3s. 6d. 

BRIDGE. — ON THE PRINCIPLE OF SUS- 
PENSION, by Sir I. BRUNEL, in the ISLAND OF 
BOURBON. 

1 large Engraving, price 4s. 

BRIDGE. — PLAN and ELEVATION of the 
PATENT IRON BAR BRIDGE over the River Tweed, near 
Berwick. 

34 Plates, folio, £1 Is., board.. ^ 

"DRIGDEN, R. — Interior Decorations, Details, 

* J and Views of Sefton Church, Lancashire, erected in the reign 
of Henry VIII. 

John Weale, 59, High Holborn, London, W.C. 
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1 large Engraving, price 3s. 6d. 

"DRITTON'S (John) VIEWS of the WEST 

i-> FRONTS of 14 ENGLISH CATHEDRALS. 

1 large Engraving in outline, price 2s. 6d. 

BRITTON'S (John) PERSPECTIVE VIEWS of 
the INTERIOR of U CATHEDRALS. 

In 4to, 2s. Gd. 

BRODIE, R., C.E. — Rules for Ranging Rail- 
*ray Curves, with the Theodolite, and without Tables. 

1 large Engraving, price 4s. 6d. 

ROWN'S (Capt. S.) CHAIN PIER at Brighton, 



B 



with Details. 



The Text in one large volume 8vo, and the Plates, upwards of 70 
in number, in an atlas folio volume, very neatly half-bound, 

£2 10s. 

BUCHANAN, R. — PRACTICAL ESSAYS 
ON MILL WORK AND OTHER MACHINERY; with 
Examples of Tools of modern invention ; first published by 
ROBERT BUCHANAN, M.E. ; afterwards improved and edited 
by THOMAS TREDGOLD, C.E. ; and re-edited, with the im- 
provements of the present age, by GEORGE RENNIE, F.R.S., 
C.E., &c, &c. The whole forming 70 Plates, and 103 Woodcuts. 
John Weale, 59, High Holborn, London, W.C. 

Text in royal 8vo, and Plates in imperial folio, 18s. 

BUCHANAN, R. — SUPPLEMENT. — 
PRACTICAL EXAMPLES ON MODERN TOOLS AND 
MACHINES ; a Supplementary Volume to Mr. RENNIE'S 
edition of BUCHANAN "On Mill- Work and Other Machinery," 
by TREDGOLD. The work consists of 18 Plates. 

In 8vo, with Plates, 2nd Edition^ls. 6d. 

]}URN, C, C.E.— On Tram and Horse Railways. 



In one volume, 4to, 21 Plates, half-hound in morocco, £1 Is. 

T)URY, T., Architect. — Examples of Ancient 

-L* Ecclesiastical Woodwork. 

7s. 6d. 

CALCULATOR (THE) : Or, TIMBER MER- 

CHANT'S AND BUILDER'S GUIDE. By WILLIAM 
RICHARDSON and CHARLES GANE, of Wisboach. 

In 8vo, Plates, cloth boards, 7s. 6tl. 

pALVER, E. K, R.N.— THE CONSERVATION 

^ AND IMPROVEMENT OF TIDAL RIVERS. 

In 8vo, Woodcuts, Is 6d. 

pALVER, E.K., R.N.— ON THE CONSTRUC- 

V TION AND PRINCIPLE OF A WAVE SCREEN, 
designed for the Formation of Harbours of Refujre. 

In 4to, half-bound, price £1 6s. 

BARTER, OWEN B., Arcliitect. — A SERIES 

OF THE ANCIENT PAINTED GLASS OF WINCHES- 
TER CAT HEDRAL , Example* of. 28 Coloured Illustrations. 

In 4to, 17 Plates, half-bound, 7s. 6d. 

BARTER, OWEN B., Architect. —ACCOUNT 

^ OF THE CHURCH OF ST. JOHN THE BAPTIST, 
at Bishopst ne, with Illustrations of its Architecture. 

John Weile, 59, High Holborn, London, W.C. 
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In 4to, with 19 Engravings, £1 Is. 

CHATEAUNEUF, A. de, Architect.— Architec- 
ture Domestica ; a Series of very neat examples of Interiors 
and Exteriors of residences in the Italian style. 

Large 4to, in half-red morocco, price £1 8s. 

p H IPPEN DALE, INIGO JONES, JOHNSON, 

\J LOCK, and PETHER.— Old English and French Orna- 
ments : comprising 244 designs on 106 Plates of elaborate examples 
of Hall Glasses, Picture Frames, Chimney-pieces, Ceilings Stands 
for China, Clock and Watch Cases, Girandoles, Brackets, Grates, 
Lanterns, Ornamental Furniture, Ornament for brass workers and 
silver workers, real ornamental Iron work Patterns, and for carvers, 
modellers, &c., &c, &c. 

4to, third Edition with additions price £1 lis. 6d. 

pLEGG, SAM., C.K. — A PRACTICAL TREA- 

V TISE ON THE MANUFACTURE AND DISTRIBU- 
BUTION OF COAL GAS, Illustrated by Engravings from Work- 
ing Drawings, wiih General Estimates. 

In 4to, Plates, and 76 Woodcuts, boards, price 6s. 

pLEGG, SAM., C.E.— ARCHITECTURE OF 

V MACHINERY. An Essay on Propriety of Form and Pro- 
portion. For tlie use of Students and Schoolmasters. 

QOLBURNS, Z.— On 8 Steam Boiler Explosions. 

One very large Engraving, price 4s. 6d. 

pONEY'S (J.) Interior View of the Cathedral 

w Church of St. Paul. 

In 4 to, on card board, Is. 

QOWPER, C.— Diagram of the Expansion of Steam. 

In one vi l„4to, with 20 Folding Plates, price £1 Is. 

pROTON AQUEDUCT. — Description of the 

^ New York Croton Aqueduct, in 20 large detailed and engi- 
neering explanatory Plates, with text in the English, German, 
and French languages, by T. SCIIRAMKE, C.E. 

In demy 12mo, cloth, extra bound and lettered, price 4s. 

DENISON.— A Rudimentary Treatise on Clocks 
and Watches, and Bells ; with a full account of the Westmin- 
ster Clock and Bells, by EDMUND BECKET DENISON, M.A., 
Q.C. Fourth Edition re-written and enlarged, with Engravings. 

In royal 4to, cloth boards, price £1 lls.6d. 

TiOWNES, CHARLES, Architect.— Great Exhi- 

U bition Building. The Building erected in Hyde Park for 
the Great Exhibition, 1851 ; 28 large folding Plates, embracing 
Plans, Elevations, Sections, and Details, laid down to a large scale, 
and the Working and Measured Drawings. 

T) RAWING BOOKS.— ShowiDg to Students the 

•~ superior method of Drawing and Shadowing. 

DRAWING BOOK.— COURS ELEMEN- 
TAIRES DE LAVIS APPLIQUfc A L' ARCHITECTURE; 
folio volume, containing 40 elaborately engraved Plates, in shadows 
and tints, very finely executed, by the best artists in France. £2. 
Paris. 

John Weale, 59, High Holb->m, London, W.C. 
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DRAWING BOOK. — C0UR8 ELfiMEN- 
TAIRES DE LAVIS APPLIQUE A MECHANIQUE) 
folio volume, containing 50 elaborately engraved Plates, in shadows 
and tints, very finely executed, by the best artists in France. 
£2 10s. Parlg. 

DRAWING BOOK; — COURS ISLflMEN- 
TAIRES DE LAVIS APPLIQUE A ORNEMENTA- 
TION; fjlio volume, conUining 20 elaborately engraved Plates, in 
shadows and tints, very finely executed, by the best artists in 
France. £1. Paris. 

TkRAWING BOOK. — ETUDES PROGRESS 

-L' SIVES ET COMPLETES D' ARCHITECTURE DE 
LAVIS, par J. B. TRITON ; large folio, 24 fine Plates, comprising 
the Orders of Architecture, mouldings, with profiles, ornaments, 
and forms of their proportion, art of shadowing doors, balusters, 
parterres, &c, &c, &c. £1 4s. Paris. 

In 12mo, cloth boards, lettered, price 5s. 

ECKSTEIN, G. F. —A Practical Treatise on 
Chimneys; with remarks on Stoves, the consumption of 
Smoke and Coal, Ventilation, &e. 

Plates, imperial 8vo, price 7s. 

TfLLET, CHARLES, C. E., of the U. S.— Report 

*J on the Improvement of Kanawha, and incidentally of the 
Ohio River, by means of Artificial Lakas. __ 

In Svo, with Plates, price 12s. 

EXAMPLES of Cheap Railway Making, 
American and Belgian. 



In one vol. 4to, 49 Plates, with dimensions, extra cloth boards, 

price 21s. 

EXAMPLES for Builders, Carpenters, and 
Joiners ; being well-selected Illustrations of recent Modern 
Art a nd Construction. 

With Engravings and Woodcuts, price 12s. 

TfROME, Lieutenant-Colonel, R.E. — Outline of 

J- the Method of conducting a Trigonometrical Survey, for the 
Formation of Topographical Plans ; and Instructions for filling in 
the Interior Detail, both by Measurement and Sketching; Military 
Reconnaissances, Levelling, &c, &c, together with Colonial Sur- 
veying^ 

In 4to, with Plates, price 7s. 6d. 

1? A I R B A I R N, W, C.E:, F.R.S. — ON 

J WATER-WHEELS, WITH VENTILATED BUCKETS. 

In royal 8vo, with Plates and- Woodcuts, Second Edition, much 
improved, price, in extra cloth boards r 16s. 



FA IRBAIRN, W., C.E., F.R.S. — ON THE 
APPLICATION OF CAST AND WROUGHT IRON TO 
BUILDING PURPOSES 

In imperial Svo, with fine Plates, a re-issue, price 16s., or 21s. in 

half-morocco, gilt edges, 

"tfERGUSSON'S (J.) Essay on the Ancient Topo- 

-T graphy ot Jerusalem, with restored Plans of the Temple, &c. 
In 8vo, sewed in wrapper, price 2s. 

GILL, J. — ESSAY ON THE THERMO, Dy- 
namics OL> ELASTIC FLUIDS, by JOSEPH GILL, 
with Diagrams. 

John Weale,69, High Holborn, London, W.C. 
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~Ptales, 8vo, boards, 5s. 

pWILT, JOSEPH, Architect. — TREATISE ON 

VJ THE JEQ UILIBRT U M OF A RCHE3 . 

In Svo, cloth boards, with 8 Plates, 4s. Gd. 

HAKE WELL, S. J. — Elizabethan Architecture ; 
illustrated by parallels of Dorton House, IlatfiVld, Long- 
le /and Wollaton, in England, and the Palazzo Delia Cancellaria 
at Rome. 

Svo, with a Map, Is. 

TTAMILTON, P. S., Barrister-at-Law, Halifax 

Aj - Nova Scotia— Nova Scotia considered as a Field for Emi- 
gration. 

In imperial 8vo, Third Edition, with additions, 11 Plates, cloth 

boards, 8*. 

HART, J., On Oblique Bridges. — A Practical 
Treatise on the Construction of Oblique Arches. 

In 4to, with Woodcuts, tfs, tid. 

HEALD, GEORGE, C.E.— System of Setting Out 
Railway Curves, m 

Royal 8vo, Plates and Woodcuts, price 12s. 61. 

HEDLEY, JOHN. — Practical Treatise on the 
Working and Ventilation of Coal Mines, with Suggestions 
for Improvements in Mining. 

Two Vols., demy 12mo, in cloth extra boards and lettered, price 

12s. 6d. 

HOMER. — The Iliad and Odyssey, with the 
Hymns of Homer, Edition with an accession of English notes 
by the Rev. T. II. L. LEARY, M.A. 

In Svo. with Engravings, cloth boards, Third Edition, 10s. 6d. 

TTOPKINSON, JOSEPH, C.E.-- The Working of 

the Steam Engine Explained by the use of the Indicator, 
lu bvo, in boards, lbi*. 

HUNTINGTON, J. B., C.E. — TABLES and 
RULES for Facilitating the Calculation of Earthwork, Land, 
Curves, Distances, and Gradients, required in the Formation of 
Railways. Roads, and Canals. 

■ ■ ' ' ■ ■ 

Separate from the above, price 3s. 

HUNTINGTON, J. B., C.E. — THE TABLES 
OF GRADIENTS. 

10 Plates, 8vo, bound, 5s. 

TNIGO JONES. — Designs for Chimney Glasses 

J- and Chimney Pieces of the Time of Charle* toe 1st. 

In a sheet, 29. 

IRISH. — Plantation and British Statute Measure 
(comparative Table of), so that English Measure can be trans- 
ferred into Irish, and vice vend. 

In 4to, with 8 Engravings, in a wrapper, 6s. 

TRON. — ACCOUNT OF THE CONSTRUC- 

A TION OF THE IRON ROOF OF THE NEW HOUSES 
OF PARLIAMENT, with elaborate Engravings of details. 

Inimpirial 4to, with 50 Engravings, and 2 fine Woodcut*, half- 
bound in morocco, £1 4s. 

TRON. — DESIGNS OF ORNAMENTAL 

A GATES, LODGES, PALISADING, AND IRON-WORK OF 
THE ROYAL PARKS, with som* other Designs. 

John Weale,59, High Holborn, London, W.C. 
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In 4to, with 10 Plate*, 12s. 

T EBB'S, Colonel, Modern Prisons.— Their Con- 

*J struction and Ventilation. 

In 3 vols. 8vo, with 26 elaborate Plates, cloth board*, £2 2*. 

JONES, Major-Gen. Sir John, Bart. — Journal 
of the Sieges carried on by the Army under the Duke of Wel- 
lington in Spain, between the years 1811 and 1814, with an Account 
of the Lines of Torres Vedras. By Major-Gen. Sir JOHN T. 
JONES, B.irt, K.C.B. Third Edition, eularged and edittd by 
Lieut-General Sir HARRY D. JONES, Bart. 

16mo, cloth boards, 2«. 6d. 

T/ENNEDY AND HACKWOOD'S Tables for 

Setting out Curves. 
In 4to, 37 Plates, half-cloth boards, 9s. 

RING, THOMAS.— The Upholsterer's Guide; 

Rules for Cutting and Forming Draperies. Valances, &c. 



Illustrated by large Draughts and Engravings. In 1 volume 4to, 
text, and a large atlas folio volume of Plates, half-bound, £6 6s. 

KNOWLES, JOHN, F.R.S.— The Elements and 
Practice of Naval Architecture; or, A Treatise on Ship 
Building, theoretical and practical, on the best principles established 
in Great Britain; with copious Tables of Dimensions, Scantlings, 
&c. The Third Edition, with an Appendix, containing the princi- 
ples of constructing the Royal and Mercantile Navies, by Sir 
ROBERT SEPPINGS. 

41 Plates of a flue and an elaborate description in large atlaa folio 
half-bound, £2 12s. 6d.; with the text half-bound in 4to. 

T OCOMOTIVE ENGINES. — The Principles 

A-* and Practice and Explanation of the Machinery of Locomotive 
Engines in operation. 

Iii 12 mo bowed Is 

MAIN, Rev. ROBERT. — An Account of the 
Observatories in and about London. 
4to, in boards, 15s. 

MANUFACTURES AND MACHINERY. — 
Progress of, in Great Britain, as exhibited chiefly in Chrono- 
logical notices of some Letters Patent granted for Inventions and 
Improvements, from the ea rliest times to the reign of Queen Anne. 

~16mo, 2s. 6d. 

MAY, R, C, C.E.— Method of setting out Railway 
Curves. 

Imperial 4to, with fine Illustrations, extra cloth boards, £1 6s., or 
half-bound in morocco, £1 lis. 6d. 

METHVEN, CAPTAIN ROBERT.— THE LOG 
OF A MERCHANT OFFICER, Viewed with Reference 
to the Education of Young Officers and the Youth of the Mer- 
chant Service. By ROBERT METHVEN, Commander in the 
Peninsular and Oriental Company's Service. 

In roynl 8vo, Is. 6d. 

METHVEN, CAPTAIN ROBERT.— NARRA- 

iVl TIVES WRITTEN BY SEA COMMANDERS, ILLUS- 
TRATIVE OF THE LAW OF STORMS. The " Blenheim " 
Hurricane of 1851. with Diwgrams. 

Part 1, large Svo, 5s. Part 2, in preparation. 

]\/[URRAY, JOHN, C.E. — A Treatise on the 

JH Stability of Retaining Walls, elucidated by Engravings and 
Diagram*. 

John Wcale, 59, High Holbom, London, W.C. 
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R. WEALE'S WORKS ON ARCHITEC- 
TURE, ENGINEERING, FINE ARTS, &c. 



On a large folio sheet, price 2s. 6d. 

VEVILLE, JOHN, C.E., M.R.I.A. — OFFICE 

U HYDRAULIC TABLES: for the use of Engineers engaged 
in Water Works, giving the Discharge and Dimensions of River 
Channels and P ipes. 

In 8vo, Second and much Improved Edition, with an Appendix, 

cloth hoard 9, price 16 J. 

\T E V I L L E, JOHN, C.E, M.R.I.A. — HY- 

-LN DRAULIC TABLES, COEFFICIENTS, AND FORMULAE; 
for Finding the Discharge of Water frwm Oriticea, Notches, Weirs, 
Pipes, and Rivers, with Extensive Additions, New Formula?, Tables, 
and General Information on R*in-Fall Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. 

On 33 folio Flates, 12s. 

AJR NAMENTS. — Ornaments displayed on a 

^-^^ full size for Working, proper for all Carvers, Painters, &c., 
containing a variety of accurate examples of foliage and friezes. 

Plates, Sv t >, -Js. fid. • 

(YBRIEN'S, W., C.E. — Prize Essay on Canals 

>/ and Canal Conveyance. 



In demy 8vo, cloth, boards, 12*4. 

PA M B O U It, COUNT D E. — STEAM 
ENGINE ; the Theory of the Proportions of Steam Engines, 
and a heries of practical formula;. 

In 8vo, cloth, boards, with Plates, a second edition, 18*. 

A PRACTICAL TREATISE ON LOCOMO- 
TIVE ENGINES UPON RAILWAYS. — With practical 
Tables and an Appendix, showing the expense of conveying Goodn 
by means of Locomotives on Railroads. By COUNT F. M. G. 
DE PAMBOUR. 

4to, 72 finely executed Plates, iu cloth, £1 16s. 

PARKER, CHARLES, Architect, F.I.B.A.— 
The Rural and Villa Architecture of Italy, portraying the 
several very interesting examples in that country, with Estimates 
and Specifications for the applicati< n of the Bamo designs in Eng- 
land; selected from buildings and scenes in the vicinity of Rome 
and Florence, and arranged for Rural and Domestic Buildings gene- 
rally. 

Price, complete, £2 2s. In 4to. 

POLE, WILLIAM, M. Inst., C. E. — COR- 

t Msil PUMPING ENGINE; designed and constructed at 
the Havle Copper House in Cornwall, under the superintendence 
of CAPTAIN JENKINS; erected and now on duty at the Coal 
Mines ot Languin, Department of the Loire Inferieur, Nantes. 
Nine elaborate Drawings, historically and scientifically described. 

With Plate. 10s. 6d. 

AN ANALYTICAL INVESTIGATION OF 

THE ACTION OF THE CORNISH PUMPING ENGINE, 
—This Third Part sold separately from above. 

2Ss. bound in 4 to size. 

PORTFOLIO OF ENGINEERING ENGRAV- 

*- I NGS.~ Useful to Students as a Text Book, or a Drawing 
Book or Engineering and Mechanics ; being a series of Practical 
Examples In Civil, Hydraulic, and Mechanical Engineering. Fifty 
Engravings to a scale for drawing. 

John Weale, 59, High Holborn, London, W.C. 
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R. WE ALE'S WORKS ON ARCHITEC- 

TURE, ENGINEERING, FINE ARTS, &c. 



50 Plntes, 28s., boards. 

PORTFOLIO OF GREEK ARCHITECTURE. 
— Or, Dilettanti Drawing Book ; Architectural Engravings, 
with descr ptive Text. Being adaped as studies of the btst 
Classic Models in the Grecian style of Architecture. 

50 Plates, £1 8s . bound. 

PORTFOLIO OR DRAWING BOOK OF 

GOTHIC CHURCH ARCHITECTURE. —Of tbe periods 
of the 14th, 15th, and 16th centuries. Useful to Architects, 
Builders, and Student*. 

25 Plates, folio. 25s. 

PORTFOLIO OF ARCHAEOLOGICAL COL- 

LECTIONS.— Of curious, interesting, and ornamental sub- 
jects and patterns fur stained glass windows, Trom York. 

IS P.ates, 10s. 6d. Small folio. 

PORTFOLIO OF ANCIENT CAPITAL 
LETTERS, MONOGRAMS, QUAINT DESIGNS, &c. — 
Beautifully Coloured and Ornamented. 

153 Plates, folio, half-bound iu morocco, very neat, £4 4s. 

PUBLIC WORKS OF GREAT BRLTAIN. — 

J- Consisting of Railways, Rails, Chairs, Blocks, Cuttings, 
Embankments, Tunnels, Oblique Arches, Viaducts, Bridges, Sta- 
tions, Locomotive Engines, &c. ; Cast-Iron Bridges, Iron and Gas 
Works, Canals, Lock-gates, Centering, Masonry and Brickwork 
for Canal Tunnels ; Canal Boats : the London and Liverpool 
Docks, Plans and Dimensions, D »ck gates, Walls, Quays, and 
their Mas >nry ; Mooring Chains ; Plan of the Harbour and Port 
of London, and other important Engineering Works, with Descrip- 
tions and Specifications. 

In two Parts. Imperial folio. 

PUBLIC WORKS OF THE UNITED STATES 

-L OF AMERICA. 

And the text in an 8?o Volume, price together £2 6s. 

REPORTS, SPECIFICATIONS, AND ESTI- 
MATES OF PUBLIC WORKS Of ♦THE UNITED 
STATES OF AMERICA; explanatory of the Atlas Folio of 
Deuilrd Engravings, elucidating practically these important En- 
gineering Works. The Plates are Engraved in the bear style. 

Imperial 8vo, 50 Engravings, £1 5s. 

PAPERS AND PRACTICAL ILLUSTRA- 

-* TIONS OF PUBLIC WORKS OF RECENT CONSTRUC- 
TION — BOTH BRITISH AND AMERICAN. Supplementary to 
previous Puhlications, and containing all the details of the Niagara 
Suspension Bridge. 

Half-bound in morocco, finely coloured Plates, price £3 3s. 

])AWLINSON'S, ROBERT, C.E. — Designs for 

Factory, Furnace, and other Tall Chimney Shafts. Tall 
chimneys are necessary for purposes of Trade and Manufactures. 
They are required for Factories, for Foundries, for Gas Works, for 
Chemical Works, for Baths and Wash-houses, and for many other 
purposes. 

Third Edition, in royal 8vo, boards, with 13 Charts, &c, 12s. 

PEID, Major-General Sir W., F.R.S., &c. — AN 

-tV ATTEMPT TO DEVELOP THE LAW OF STORMS 
by means of facts arranged according to place and time; and hence 
to point out a cause for the variable winds, with a view to practical 
use in navigation. 

John Weale, 59, High Ilolborn, London, W.C. 
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R. WEALE'S WORKS ON ARCHITEC- 
TURE, ENGINEERING, FINK ARTS, &c. 

In royal 8vo, uniform with the preceding, 9s., with Charts and 
Woodcuts. The work together in 2 vo's., £1 la. 

REID, Major-General Sir W., F.R.S., &c. — 
THE PROGRESS OF THE DEVELOPMENT OF THE 
LAW OF STORMS AND OF THE VARIABLE WINDS, with 
the practicable application of the subject to navigation. 

Illu8trat"«i with II Hares, Third Edition, 8vo, cloth, 7s. 6d. 

EICHARDSON, C. J., Architect. — A Popular 
Trea'ise on the Warming and Ventilation of Buildings ; 
Blowing fie advantage of the improved system of Heate i Water 
Circulation. And a method to effect the combination of lurge and 
small pipes to the same apparatus, and ventilatiug buildings. 

Bumd i i 2 V 'ls., very neat, half-niorocco, pilt tops, price £18. 

RENNIE'S, Sir JOHN, F.R.S., Work on 
the Theory, Formation, and Construcion of British and 
Foreign Harbours, Docks, and Naval Arsenals. This great work 
may now bo had complete, 2Q parts and supplement, price £16. 

REVY, J. L., C.E. 1 — The Progressive Screw 
AS A PrOPKLLER IS NAVIGATION'. 

12mo, cloth boards, 3s. 6d. 

SI M M S, F. W. — Treatise on the principal 
Mathematical and Drawing Instruments employed by the 
Engineer, Architect, and Surveyor; with* description of the Theo- 
doli'e, together with Instructions in Field Works. 

4to, with fine Plates, a New Edition, extended, sewed, fis. 

SMITH, C. IL, Sculptor. — Report and Investiga- 
tion into the Qualifications and Fituess of S'.oie for Building 
Pnrposps. 

In 1 vol. 8vo, in boards, 7s. 6d. 

OMITHS, Colonel of the Madras Engineers, 

13 Observations on tho Duties and Responsibilities Involved in 
the Management of Mines. 

8vo, cloth boards, with Index Map, 5a. 

COPWITH, THOMAS, F. R. S. — THE 

*J AWARD OF THE DEAN FOREST COMMISSIONERS 
AS TO THE COAL AND IRON MINES. 

1G large folio Plates, £l 4s. Separately, 2s, each. 

COPWITH, THOMAS, F.R.S.— SERIES 

& OF ENGRAVED PLANS OF THE COAL AND IRON 
MINES. 

12 Plates, 4to, 6s. in a wrapper. 

STAIRCASES, HANDRAILS, BALUSTRADES, 

•3 AND NEWELS OF THE ELIZABETHAN AGE, &c— 
Consisting of — 1. Staircase at Audley end Old Manor House, 
"Wilts; 2. Charl>on House, Kent; 3* Great Ellinghani Hall, Nor- 
folk; 4- Dovfold, Cheshire; Charterhouse; fL Oak Staircase at 
Clare Hall, Cambridge; 'L Cromwell Hall, Highgate; 8. Ditto; 9, 
Catherine HhII, Cambridge; lfL Staircase by Iuigo J(»nes at a 
house in Chandos Street; LL Ditto at East Sutton; 12. Ditto, ditto. 
Useful to those constructing edifices in the early English domestic 
style. 

Larue atlas folio Plates, price £2 2s. 

STALKARTT, M., N. A.— Naval Architecture; 
or, The Rudiments and Rules of Ship Building: exemplified 
in a Scries of Draughts and Plans. No text. 

John Weale, 59^ High Hoi born, London, W.C. 



M 



28 

R. WEALED WORKS ON ARCHITECT 

TUKE, ENGINEERING, FINE ARTS, Ac. 
With Illustrative Diagrams. In 8vo, 7s. 6d. 

STEVENSON'S, THOMAS, C.E., of Edinburgh, 

& Description of the Different k-nd* of Lighthouse Apparatus. 

8vo, 2s. 6d. 

CTEVENSON, DAVID, C.E., of Edinburgh.— 

^ Supplement to his Work on Tidal Rivers. 

Text in 4to, and large folio Atlas of 75 Plates, half-cloth boaids, 

£2 12s. 6d. 

CTEAM NAVIGATION. — Vessels of Iron and 

Wood ; the Steam Engine ; and on Screw Propulsion. By 
WM. FAIRBAIRN, F.R.S., of Manchester ; Messrs. FORRESTER, 
M.I. C.E., of Liverpool; JOHN LAIRD, M.I.C.E., of Birkenhead; 
OLIVER LANG, (late) of Woolwich; Messrs. SEAWARD, Lime-* 
house, &c. &c. &c. Together with Results of Experiments on the 
Disturbance of the Compass in Irou-built Ships. By G. B. AIRY, 
M.A., Astronomer Royal. 

10s. 

CT. PAUL'S CATHEDRAL, LONDON, SEC- 

^ TION OF. — The Original Splendid Engraving by J. 
GWYN, J. WALE, decorated agreeably to the original intention 
of Sir Christopher Wren ; a very fine large print, bhowiug distinctly 
the construction of that magnificent edifice. 

Mze of Plate 4$ feet in height, 10s. 

QT. PAUL'S CATHEDRAL, LONDON, GREAT 

^ PLAN.— J. WALE and J. GWYN'S GREAT PLAN, 
accurately measured from the Building, with all the Dimensions 
figured and in detail, description of Compartments by engraved 
Writing. 

Second Edition, greatly enlarged, royal 8vo, with Plates, cloth 

boards, price 16s. 

CTRENGTH OF MATERIALS. — FAIRBAIRN, 

^ WILLIAM, C.E., F.R.S., and of the Legion of Honour of 
France. On the application of Cast and Wrought Iron to Building 
Purposes. 

With i'lates and Diagrams. New Edition. The work complete 
in 2 vols., bound in 1 vol., price, in cloth boards, 16?. The 
second portion of the work, containing Mr. Hodgkinson's Experi- 
mental Researches, may be had separatelv, price 9s. 

STRENGTH OF MATERIALS.— HODGKIN- 
SON, EATON, F.R.8., AND THOMAS TREDGOLD, 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS; intended for the assistance of 
engineers, ironmasters, millwrights, architects, founders, smiths 
aiid others engaged in the construction of machines, build iogs, &c* 
By EATON 1IODGKINSON, F.R.S. 

To be published in 1861, in crown 8*o, bound for use. 

CTRENGTH OF MATERIALS.— POLE, WIL- 

^ LI AM, C E.. F.R.S.— Tables and popular explanations of 
the Strength of Materials, of Wrought and Cast Iron with other 
metals, for structural purposes; developing in a systematic form, 
the strengths, bearings, weights, and forms of these materials, whe- 
ther used as girders or arches, for the construction of bridges and 
viaducts, public buildings, domestic mansions, private building?, 
columns or pillars, bressummiers for warehouses, shops, working 
and manufacturing factories, &c. &c. &c. The whole rendered of 
easy reference for architects, builders, civil and mechanical engi- 
neers, millwrights, iroufoundtrs, &c. Ac. &c, and forming Ready 
Reckoner or Calculator. 

John Weale, 59, High Holborn, London, W.C. 
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WEALL'S WORKS ON ARCHITEC- 
TURE, ENGINEERING, FINE ARTS, &c. 



30 very elaborately drawn Engraving.". In large 4to, neatly half- 
bound and lefered, £1 Is. A few copies on large imperial size, 
extra half-binding. £1 lis. 6d. 

r TEMPLE CHURCH. — The Architectural History 

* and Architectural Ornaments^ Embellishments, and Painted 
Glass, of the Temple Church, London. 

Tart I., with 26 Engraviugs on Wood and Copper, in cloth boards, 

4to, 15s. 

'THAMES TUNNEL.— A Memoir of the several 

*- OperatiouH and the Construction of the Thames Tunnel, from 
Papers by the late Sir 1SAMBARD BRUNEL, F.R.S., Civil 
Engineer. 

Fourth Edition, with a Supplementary Addition, large 8vo, 12*. 6d. 

'PHOMAS (LYNALL), F.R.S.L.—Ritled Ordnance. 

— A Practical Treatise on the Application of the Principle 
of the Rifle to Guns and Moitars of every calibre ; to winch is 
added a New Theory of the Initial Action and Force of Fixed 
G uu powder plates. 

In 4to, complete, cloth, Vol. I., with Engravings, £1 10s.; Vol. II., 
ditto, £1 8s.; Vol. III., ditto, £2 12s. 6d. 

TRANSACTIONS OF THE INSTITUTION 

J- OF CIVIL ENGINEERS. 

8 vols., numerous Engravings of Sections of Coal Mines, &c, large 
folding Plates, several of which are coloured, in large 8vo, half- 
bound in calf, price £1 Is. per volume. 

TRANSACTIONS OF THE NORTH OF 

J- ENGLAND INSTITUTE OF MINING ENGINEERS. — 
Commencing in 1852, and continued to 1860. 

A Nev Edition revised by the translator, and with additional Plates, 
in demy 12mo, India proof Plates and Vignettes, half-bound in 
morocco, gilt tops, price 12s. Only 25 printed on India paper. 

VITRUV1US. — The Architecture of Marcus 
Vitruvins Pollio in 10 Books. Translated from the Latin by 
JOSEPH G W[LT\ F.S. A^ F.R^AJS. 

In 4to. with Plates, 7s. 6d. 

WALKER'S, THOMAS, Architect. — Account 
of the Chu rch at Stoke Golding. 

£1 10s. 

WEALE'S QUARTERLY PAPERS ON EN- 
GINEKKING. — Vol. VI. (Parts 11 and 12 completing 
the work.) Comprising, "On the Principles of Water Power." 
Plates. Experiments on Locomotive Engines. Coloured Plates. 
O i Naval Arsenals. On the Mode of Forming Foundations under 
water and on bad ground. Plates. On the Improvement of the 
River Medway and of the Fort and Arsenal of Chatham. On the 
Improvement of Portsmouth Harbour. An Analysis of the CorniBh 
Pumping. Plates. On Water Wheels. Plates. 

Text in 8vo, cloth boards, and Plates in atlas folio, in cloth, 16.*. 

WHITE'S, THOMAS, N.A., Theory and Prac- 

" ticeof Ship Buildi ng. 

In 8vo, with a large Sectional Plate, Is. 6d. 

WHICIICORD, JO [I N, Architect. — 
OBSERVATIONS ON KENTISH RAG STONE AS A 
BUILDING MATERIAL. 

John Weale, 59, High Holborn, London, W.C. 
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TMR. WEALFS WOKKS ON ARCHITEC- 

-M- TURE, ENGINEERING FINE ARTS, &c. 

4 to, coloured Plates, in half-morocco, 7s 6d. 

WHICHCORD, JOHN, Architect. — HIS- 
TORY AND ANTIQUITIES OF THE COLLEGIATE 
CHURCH OF ALL SAINTS, MAIDSTONE. 

In 4to, 6*. 

WICKSTEED, THOMAS, C.E. — AN EXPE- 
RIMENTAL INQUIRY CONCERNING THE RELA- 
TIVE POWER OF, AND USEFUL EFFECT PRODUCED 
I*Y, THE CORNISH AND BOULTON & WATT PUMPING 
ENGINES, and Cylindrical and Waggon-Head Boilers. 

In 8vo, Is. 

WICKSTEED, THOMAS, C.E. — FURTHER 
ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPING ENGINES; showing the average work- 
ing for long periods, &c., &c, &c. 

£2 2s. 

WICKSTEED, THOMAS, C.E. — THE 

' T ELABORATELY ENGRAVED ILLUSTRATIONS OF 
THE CORNISH AND BOULTON & WATT ENGINES erected 
at tbe East London Water Works, Old Ford. Eight large atlas 
folio very fine line engraving* by GLADWIN, from elaborate 
drawings made expressly by Mr. WICKSTEED ; folio, together 
with a 4to explanation of the plates, containing an engraving, by 
LOWRY, of Harvey and West's patent pump-valve, with speci- 
fication. 

With numerous Woodcut*. 

\I7ILLIAMS, C. WYE, Esq., M. Inst. C. E.— 

»' THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, chemically and practically considered. 

Imperial 8vo, with a Portrait, f*. 6d. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 

v » PRIZE ESSAY ON THE PREVENTION OF THE 
SMOKE NUISANCE, with a fine portrait of the Author. 



With 3 Plates, containing 51 figures, 4fr\ 5s. 

WILLIS, REV. PROFESSOR, M.A. — A 

™ * Bystem of Apparatus for tho use of Lecturers and Experi- 
menters in Mechanical Philosophy. 



In 4to, bound, with 26 lnrge plates and 17 woodcuts, 12s. 

WILME'S MANUALS. — A MANUAL OF 
WRITING AND PRINTING CHARACTERS, both 
ancient and modern. 

Maps and Plans, in 4to, plates coloured, half-bound morocoo, £2. 

WILME'S MANUALS. — A HANDBOOK 
FOR MAPPING, ENGINEERING, AND ARCHITEC- 
TURAL DRAWING . 

Three Vols., large 8vo, £3. 

WOOLWICH. — COURSE OF MATHEMA- 
TICS. This course is esseutial to all Students destined 
for the Royal Military Academy at Woolwich. 

YULE, MAJOR-GENE R AL. — ON BREAK- 
WATERS AND BUOYS of VERTICAL FLOATS. 
John Weale, 59, High Holborn, London, W.C. 
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"FOREIGN WORKS, KE^T IN STOCK AS 

£ FOLLOWS:— 

Large folio, 32 plates, some coloured, and 12 woodcuts, 50 francs. 

£2 10s. 

ARCHITECTURE SUISSE. — Ou Choix de Mai- 
sons Kus'iqttcs des Alpes du Cant >n de Berne, par GRAF- 
FINRIED et STDRLER, Architectes. Bern*, 1844. 

Small folio, 52 roost interesting and explanatory plates of Public 
Works, Bridges, Iron Works, <JLc, &c, &c, very neatly half- 
bound in mnrnccn, £1 10-. 

BAUERNFEIND, CARL MAX.— VORLEGE- 
BLAETTER ZUR BRUCKENBAU KLNDE. MUnchen. 



Large folio, 36 plates of Byzantine capitals, 12*. 

ANTINISCHE C A PIT AELER — MUnchen . 



Second edition, 126 plates, large folio, best Purls edition, 100 t, 
printed on fine paper, half-cloth boards, £4 4s. 

p ALLIAT, VICTOR, ARCT. — Parallele des Mai- 

v sons de Paris, construitea depuis 1S30 jusqu'a nos jours.— 1857. 
Larj?e folio, 60 franco, 60 plates, and several vignettes, £2 8s. 

pANfiTO, F. — Saiiite-Mari6 d'Auch. Atlas Mono- 

v graphique de Cette Cathedrale. The Plates consist principally 
Of outline drawings of the Painted Glass Wiudows in this Catho- 
dral. 

120 plates elegant in half-morocco extra, interleaved, £5 15a. 6d. 

pASTERMAN, A. — PARALi)LLE des MAI- 

SONS de ERUXELLE3 et des PRINCIFALES VILLES de 
la BELGIQUE, construites depuis 1830 jusqu'a nos jours, repre- 
sentee en pi ms, elevations, coupes et details iuterleurs et exterieurs. 
—Paris. 

Small folio, 48 plates of edifi £1 Is. 

EG EN, L. -LES CONSTRUCTIONS EN 

BRIQUE3, composes et publiees. 8 livraisons.— 1858. 



D 



Small folio, 48 plates of houses, parts of houses, details of all kinds 
of singularly beautiful woodwork, coloured plates in imitation of 
the objects given, £1 Is. 

TjEGEN, L.— LES CONSTRUCTIONS ORNA- 

MENTALES EN BOIS, 8 livraisons. 
In 3 very large folio parts, 35 fine plates. £1 11a. 6d. 

rjAERTNER, F. V.— The splendid works of M. 

" GAERTNER of Munich, drawn to a very large size, con- 
sisting of the library in plans, elevations, interior*, details, and 
sections, and coloured ornaments. The church, with details, orna- 
ments, &c— MUnchen. 

Small folio, 86 fine plates of the Architecture, ornament, and detail 
of the house* and churches of Germany during the middle age, 
very neatlv half-bound in morocco, £2 12s. 6d. 

XT ALLENBACH, C. C— Chrouologie der Deutsoh- 

jf; Mittelalterlichen Baukunat.— MUnchen. Fine Work. 

The works of the great master KLENZIE of Munich, in 5 parts 
very large folio, 50 plates of elevations, plans, sections, details 
and ornaments of his public and private buildings executed in 
Munich and St. Petersburg, £2 2s. 

XTLENZE, LEO VON. — Sammlung Arthitec- 

tonisher Entwilrfe, fur die AusfUhmng bestimmt oder wirk- 
lich ausgeftlhrt. Published in Munich. 

John Weale, 59, High Holborn, London, W.C. 
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j O REIGN WOR^ KEPT IN STOCK AS 

FOLLOWS:— 



Upwards of 100 plates, large 4t<>. £2 12s. 6d. 

PETIT, VICTOR.—CHATEAUX DE FRANCE. 
Architecture Pitforesque, ou Monuments des quinzienae et 
seizie nip si^cles. Paris. _________ 

Livraisons 1 a 18, very finely executed plates, large imperial folio, 

£5 8s. 

pHATEAUX DE LA VALLfiE DE LA 

^ LOIRE DES XV, XVI, ET COMMENCEMENT DU XVII 
SIECLE.— Paris, 1867—60. 

4to. 96 plates, 72f. ; £2 10s. 

T>ECUEIL DE SCULPTURES GOTHIQUE.— 

Dessinees et gravels a I'eau forte d'apres les plus beaux monu- 
ments oonstruits en France depuis le onzierue jusqu'au quinzieme 
siecle, par ADAMS, Insp€cteur des travaux de la Sainte Chapelle. 
Paris. 1866. 

4 parts aie published, price 14s. 

T) AMfiE. — HISTOIRE G£N_RALE DE L'AR- 

CH1TECTURE. L'Histoire ger>erale de l'A.chitecture, par 
DANIEL RAMEE, forme 2 vol. grande in 8vo, publies en 8 fas- 
cicules. 

5 vols., l*rgo 8vo, numerous fine woodcuts, half morocco. 

VIOLET- LE-DUC. — DICTIONNAIRE RAI- 

» SONNE, de I'Archilecture Francaise du quinzieme au seiziemo 
siecle. Paris, 1 854-8. 

2 yoU., extra imperial folio, price £6 16s. 6d. 

BADrA D'ALTACOMBA.— Storia e Descrizione 
della Aniico Sepolchro dei Keali di Savola, fondita da Amedio 
III, rinnova ta da Carlo Felice e M aria Christioa. 

79 livraisons in lar*e 4to, 200 engravings, £8 18s. 6d. 

BELLE ARTI.— II Palazzo Ducale di Venezia, 
Illu8trato d a F rancesco Zanotto. Ven e zi*, 184 6 — 1858. 

2 vols, large 4to, 62 very neatly engraved outline Plates, £1 6s. 

CANOVA. — Le Tombe ed i Monumenti Illustri 
d'ltalia, . Milano. 

2 vols. 4to, 67 elaborHte Plates, Jt'l 16s. 

pAVALIERI SAN-BERTOLO (NICOLA).— 

v ISTITUZIONI DI ARCHITETTURA STATICA E IDRAU- 
LICA. Mantova. 



2 vols, imperial folio, iu parts of eight divisions, &c, New and much 
Improved Edition, comprising 259 Plates of the Public Buildings 
of Venice, plans, elevations, sections, and details, £8 18s. 6d. 

niCOGNARA (COUNT).— LeFabbriche eiMonu- 

^ mcnti Cnspicui di Vcnezia, illtistrati da L. Cicognara, da A. 
Diedo, e da G. A. Selva, edizione con copiose note ed ag^iunte dt 
Fraucesco Zanotto, arricchita di nuove tavole e della Versione 
Francese. Venezia m-ilo atab. naz. di G. Antonelli a spese dcgli 
edit. G. Antonelli e Luchno Hasadonna, 1?*58. The elaborately de- 
scriptive text is in French and Italian, beautifully printed. 

Copies ele^antlv half-bound in morocco, extra gilt, library copy 
an d interleaved, £12 12s. Venezia, 1858. 

Folio, Portrait, and 147 Plates, consisting of subjects of public buildS 
ings, executed at Verona, plans, elevations, sections, details, aud 
ornaments, with some executed works at Venice. &c, £4 4s. 

T? ABBRICHE. — CIVILI ECCLESI AST! CHE 

-T E M1LITAKI DI MICHELE SAN M1C11ELE discgnate 

ed Incise da RONZANI FRANCESCO e L. 

GIROLAMO. 

John Weale, 59, High Holborn, London, W.C. 
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Foreign works kept in "stock as 

J- F OLLOWS. 

Large tolio, containing a prolusion of Plates or the palaccMheatres, 
hdtel de viilea, «nd other public buildings in several parts of 
Italy. Elegantly half-bound in red morocco, extra gilt and inter- 
leaved, £6 6s. 

Tf ABBRICHE. — E DISEGNI D'ANTONIO 

DIEDO, N OBILE VE NETO. Venezia. 

36 livraisons, price £12 12s. 

nALLERIA DI TORINO (LA REALE). — 

VJ Illustrata da R. D'AZEG LIO, Memb. dell' Accad., &c. &c. 

Copies, Indian proofs, £18 18s. 
*»♦ Bound copies in el egant half-morocco b inding. India proof, £23 2s. 

2 vols, folio, complete, 177 I'lates of outline elevations, plans, l'u 
tsriora, details, &c, first impression, ISO francs, half-bound. £6 6«. 

GAUTHIER, M.P., Architecte. — Les PLUS 
BEAUX EDIFICES de la VILLE de GENES et des ses 
E NVIRONS. Pari s. 1830-2. 

Folio, 109 Platen of plans, elevations, sections, and details, £2 8s. 

GRANDJEAN de MONTIGNY et A. FAMIN. 
— ARCHITECTURE TOSCANE, on palais, maisons, et 
a utres Edifices, de la Toscane. Pans, 1815. 

Oblong folio, containing a profusion of picturesque views of palaces 
and public buildings and scenes of Venice, executed in tinted 
lithography, with full descriptions attached to each. Elegant in 
half fxtra morocco, interleaved, £4 14s. 6<J. 

TTIER, G. — VENEZIA MONUMENTALE PIT- 

TORESCA. Venpzia. 

Lar^e folio, 61 livraisons or 3 vols., with 3 vols, of text in 4 to 

£18 lSs. ' 

TETAROUILLY, JP.— fedifices de Rome Mo- 

derne . Parts, 18*5-55. 

Fine Plates of th« New Palace of Justice, Senate HoiTe, &c"7piiftiV 
elevations, sections, doors, &c, details of the several parts. &c ' 
£1 Is. 

M' I CHELA, IGNAZIO.— DESCRIZIONE e 
DISEGNI del PALAZZO dei MAGISTRATI SUPREMI 
di TORINO. Torino. 

Large folio, 94 Plates, bound in extra half-morocco, gilt and iuter-" 

leaved, price £6 10s. 

T) EYNAUD, L.— Trattato di Architettura, con- 

- L *' tenente nozoini generali sni Principii della Construzione e 
sulla storia dell* Arti, con annot per cura di Lorenzo Urbant 
Venezia, 1857. 

4 imperial bulky 8vo volumes, printed and publi-hed under autho^ 
ritv, and treats of the early foundation of Venice and estab- 
lishment as a kingdom, its wealth and commerce, and its once 
gr*?at political position, with Plates, £3 3s. 

YENEZIA.—E le sue Lagune. Venezia, 1847. 
VENEZIA. — Copies elegantly bound and gilt 

J £4 14s. 6d. Venezia, 1847. & ' 

In 2 large folio volumes, nnmerously and elaborately drawn Plates 
very well executed in outline, altogether a very fine work. Very 
£l?12 t,y haIf-l,ound in moroc co» extra gilt and interleaved, 

A CCADEMIA DI BELLI ARTI. - Opere dei 

Grandi Concorsi Premiate dall* I . R. Accademla delle Belle j Arti 
in Milano, e pnblicate, per cura dell' Architetto, 0. ALUISETTI — 
per la Claasi di Ornano— per le Claasl di Architettura, figura ed 
Ornato. Milano, 1825-29. ^ * ea 

John Weale, 69, High Holborn, London, W.C. 
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T^OREIGN WORKS, KEPT IN STOCK AS 

1 FOLLOWS :- 



Atlas folio, very fine impressions, complete in 3 parts, Colnmbier 
folio, £3 13s. 6d E'egantly half bound in extra morocco and 
i u to rl c r v o (1 £S 15s CJcf 

A LBERTOLLI, G.— Alcune Decorazioni di Nobili 

-tx Sale ed Altri Ornamenti. Milano, 1787, 1824, 1838. 

To be had separately, £1 8s. 

A LBERTOLLI, G. — Part III., very frequently 

required to make up sets. 

2 vols., folio, 80 Plates of the most exquisite kind in colours, far 
superior to any existing work of the present day, £7 109. 

HOFFMAN, ET KELLERHOVEN. — Recueil 
de Dessins relstifs a l'Art de la Decoration chez tous les 
peuples et aux plus belles epoques de Ieur civilisation, &c, des- 
tines a servir de motifs et de materiaux aux peintres, d£corateurs, 
peintres sur verre, et aux dessinatcurs de fabriques. 

• Price £1 Is. 

HOPE, ALEXANDER J. BERESFOKD, Esq.— 
Abbildungen fler Glas^en-alde in der Salvator-Kirche zu 
Kilndown in der Graffschaft Kent. Copies of paintings on glass in 
Christ Church, Kilndown, in the county of Kent, executed in the 
Royal Establishment for Painting on Glass, Munich, by order of 
ALEXANDER J. BERESFORD HOPE, Esq., published by P. 
Eggert, Painter on Glass, Mlinchen. The work contains one sheet 
with the dedication to A. J. B. HOPE, Esq., and fourteen windows; 
in the whole fifteen, beautifully engraved and carefully coloured. 

In large folio, 80 Plates, containing a profusion of rich Italian and 
other ornaments. Elegant in half-morocco, gilt, and interleaved, 
£6 6s. 

JJJLIENNE, E. — Iiidustria Artistica o Raccolto 
di Composizioni e Decorazioni Ornamentali, come suppellet- 
tili, tsppezzerie, arraa'ure, cristalli, som*tti,cornici,lampade, bronzi, 
ec. Venezia, 1851—1858. 

_____ — — — . — — — i 

Prix 50f., in folio, £3. 

LE P AUTRE. — Collection des plus belles Com- 
positions, gravies par DE CLOUX, Archte. L'Ouvrage eon- 
tient cent planches. Paris. 

This unique collection is in 2 Vols. 4to, had its commencement in 
1812, and contains upwards of 500 rich Designs. Price £5 5s. 

lUETIVIER, MONS., Arch itecte.— The original 

1VX Sketches, Drawings, and Tracings, in pencil and pen and 
ink, of executed Works and Proposals, displaying the genius of 
Mens. Metivier, as an architect of high attainments, whose recent 
death was much regretted in Bavaria. He was a native of France, 
and was induced to settle in Munich by the late Duke of Leucbten- 
berg, under whose patronage he was much employed in the con- 
struction of private edifices for the Bavarian nobility and gentry; 
and for decoration and fittings of them ; his interiors are still much 
in" admiration. He built a mansion for Prince diaries, in a most 
simple and elegant style (in Brienner Street), which is still now 
considered one of the purest buildings of Munich. The above 
Sketches are his professional life and practice. 

Twelve Parts, in small oblong 4to, 60 coloured Plates of 90 elabo- 
rately coloured and Rilt ornaments. £t Is. 

ARNAMENTENBUCH. — Farbige Verzierungen 

v ftlr Fabrikanten, Zimmermaler und andere Baugewerke. 
Mdnchen. 

John Weale, 69, High Holborn, London, W.C. 
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TTOEEIGN WORKS, KEPT IN STOCK AS 

J- FOLLOWS ; — 

410 Plates, in two thick large 4 to. Vols., designed and engraved by 
MM. Reister Arger, d'Hauttl, de Wailly, Wagner, L. Feuchere 
et Regnier, &c. £5 5s. 

AKNEMENTS. — Tires ou imitfc des Quatre 

Ecolrs. P»ris. 

Six Parts, large folio, Plates beautifully coloured, In fac similes) 
of the Interiors, Ornaments, Compartments, Ceilings, &c. 
£2 12s. 6d. Also, elegautly half-bound in morocco gilt, £4 4s. 

ROTTMANN, L.— Ornaraeute aus den vorziig- 
lichsten Bauwe ken MUmhens. Miinchen. 

Very elegant, in half red morocco, gilt, nnd interleaved, £7 17». 6d, 

ZANETTT, G.— STUDII AKCHITETTONICO 
ORN AMENTA LI, dedicati all' J. R. Acidemia Vcneta dello 
Belle Arti, seconda edizione con agguinte del Prof. L. URBANI. 
56 livraisous, in imperial folio, about 200 of most elaborately de- 
signed subjects of Architecture and Interior Fittings, Designs for 
Chimney Pieces, Iron Work for Interiors and Exteriors, Gates and 
Wooden Gates, Garden Decorations, &c, &c, including the Ap- 
pendices. Venezia. 
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A Catalogue, of 40 pages, to be had 
gratis; printed in demy 8vo. 



Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 



In Atlas of Plates and Tc.ct, I2mn, price 25*. tor/ether, 

IRON SHIP BUILDING. 

WITH 

PRACTICAL ILLUSTRATIONS. 

BY 

JOHN GEANTHAM, N.A. 



DESCRIPTION OF PLATES. 



1. Hollow and Bar Keels, Stem and 

Stern Posts. 

2. Side Frames, Floorings, and Bilge 

Pieces. 

3. Floorings continued — Keelsons, 

Deck Beams, Gunwales, and 
Stringers. 

4. Gunwales continued — Lower 

Decks, and Orlop Beams. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as rolled for Iron Ship- 
Building. 

0. Rivets, shown in section, natural 
size, Flush and Lapped Joints, 
with Single and Double Ri- 
veting. 

7. Plating, three plans, Bulkheads, 

and modes of securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, Water Ballast, 

Moulding the Frames in Iron 
Shlp-huildiog, Levelling Plates. 

10. Longitudinal Section, and Half- 

breadth Peck Plans of large 
Vessels, on a reduced scale. 

11. Midship Sections of Three Vessels 

of different sizes. 

12. Large Vessel, showing details.— 

Fore End in Section, and End 
View, with Stern Post, Crutches, 
Deck Beams, &c. 



13. Large Vessel, showing details. — 

• After End in section, with End 
View, Stern Frame for 8crew, 
and Rudder. 

14. Large Vessel, showing details. — 

Midship Section, Half breadth. 

15. Machines for Punching and Shear- 

ing Plates and Angle-Iron, and 
for Bending Plates ; Rivet 
Hearth. 

16. Machines. — Garforth's Riveting 

Machine, Drilling and Counter 
Sinking Machine. 

17. Air Furnace for HeatingPlates and 

Angle-Iron; various Tools used 
in Rivetingand Plating. 

13. GvnwaU, Keel, and Flooring; 
Plan for Sheathing Iron Ships 
with Copper. 

19. Illustrations of the Magnetic Con- 

dition of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets. 

21. CorroJed Iron Bolt in Frame of 

Wooden Ship ; Caulking Joints 
of Plates. 

22. Great Eastern— Longitudinal Soc- 

tions and Half-breadth Plans. 

23. Great Eastern— Midship Section, 

with details. 

24. Great Eastern— Section in Engine 

Room, and Paddle Boxes. 



This Work may be had of Messrs. Lockwcod & Co. , No. 7, Stationers* 
IUll Court, and also of Mr. Wkale ; either the Atlas separately 
for 11. 2s. 6rf., or together with the Text price as above stated. 



Bradbury and Erans, Printers Whitefiiars. 
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